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U.S. Serial No. 09/693,908 

REMARKS 

Applicant respectfully requests reconsideration of the present application in view of 
the foregoing amendments and in view of the reasons that follow. 

Claims 2, 4-20 and 46 are pending. Claims 4, 7, 9, 1 1 have been amended to more 
clearly define the present invention, and should not be construed as the surrender of any 
subject matter. Applicants reserve the right to file one or more continuing applications on any 
canceled subject matter. The amended claims have support in the original claims and 
specification as filed. 

This amendment changes claims in this application. A detailed listing of all claims 
that are, or were, in the application, irrespective of whether the claim(s) remain under 
examination in the application, is presented, with an appropriate defined status identifier. 

Rejections under 35 U.S.C. § 112, first paragraph 

Claim 20 

Claim 20 is rejected by the Examiner as allegedly only being enabled for the in vitro 
administration of the AAV Rep78 mutant for replication studies and it not enabled for in vivo 
therapeutic uses. The Examiner states that he has considered Dr. Hermonat's declaration and 
characterizes it as providing evidence of a correlation between infection with wild-type 
adeno-associated virus and a reduced incidence of cervical cancer in the general population. 
However, the examiner alleges that it does not evidence that a mutated AAV vector can be 
administered in vivo so that it is therapeutically effective for treating cancer or other 
papillomavirus (PV) associated diseases. The Examiner considers that the therapeutic 
efficacy of viral vectors administered in vivo is unpredictable, and that the specification 
needs to provide detailed teachings of how to make and administer the claimed viral vectors 
to treat PV disease or cancer. 

Applicant respectfully disagrees with the Examiner's position and maintains that 
claim 20 is enabled by the specification so that a person skilled in the art could practice the 
present invention without undue experimentation. Applicants submit that the present 
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specification provides sufficient disclosure to support claim 20 in combination with what is 
known in the prior art. Firstly, there have been AAV gene therapy trials that show that AAV 
can be administered in vivo. For example, several press releases from Avigen in 1999 
(Attachment 1) disclose the success of delivering the gene for Factor IX using an AAV based 
on work preformed at Children's Hospital of Philadelphia and Stanford University Medical 
Center that showed indications of therapeutic benefit. This same study is reported by an 
abstract in March 2000, by these research groups reporting success in using gene therapy to 
treat hemophilia B in 3 patients by delivering the gene encoding Factor IX with AAV. 
Additionally, other Avigen press releases disclose successfully delivering the gene encoding 
Factor IX using AAV to dogs (Attachment 2). Additionally, Avigen scientists showed that a 
single administration of AAV carrying the gene for Factor VIII produced physiological levels 
of biologically active Factor VIII in the plasma of animals and showed that significant levels 
persisted in these animals for nearly two years (Attachment 3). Another group from Avigen 
and Berkeley National Laboratory presented research results that dopamine activity could be 
restored in a primate model of Parkinson's disease following treatment with AAV carrying 
the gene encoding dopamine (Attachment 4). As can be seen by these disclosures of 
successful use of AAV to introduce genes into animals and humans, applicant submits that 
therapeutic efficacy of AAV is predictable to the skilled person. Applicants also refer the 
Examiner to U.S. patents, such as 5,670,488, disclosing AAV for gene therapy uses, such as 
cystic fibrosis. 

The claimed AAVRep78 mutant which is administered in claim 20 binds to at least 
one DNA sequence obtained from a papillomavirus and the mutant's DNA binding is 
enhanced as compared to the binding of the corresponding wild-type AAVRep78 protein as 
set forth in SEQ ID NO:6 to the DNA sequence. Thus, this claim focuses on the AAVRep78 
mutants that bind to papillomavirus DNA better than the AAVRep78 wild-type. These 
mutants are considered to be a Rep78 mutant only by the substitution of one or more amino 
acids for the amino acids in the wild-type Rep78. Furthermore, these mutants possess the 
major attributes of the full length AAV genome (FLAG) Rep78 by virtue of their ability to 
replicate as the wild-type AAV that contains a wild-type Rep78 gene. See for example, 
Figure 1 1 as described on pages 26, lines 10-18 of the specification, which shows the 
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replication of AAV Rep78 192 H °. In Figure 14, it is shown that the AAVRep78 192 HO 
mutant with the one amino acid change is able to more strongly inhibit HPV-induced 
oncogenic transformation and HPV-16 p97 promoter activity than wild-type AAV (containing 
a wild-type Rep78). Therefore, AAVRep78 192 HG has an altered biochemistry as compared 
to wild type AAVRep78 by being able to bind more strongly to DNA (see Figure 12) and 
inhibit promoter activity (AAV p5) more strongly (see Figures 10). Thus, Applicant submits 
that the AAVRep78 mutant is a replicating AAV as is the wild-type AAV but with enhanced 
inhibitory activity against HPV. This is so, particularly in view of the data presented in 
Figure 14 of the present invention, which uses the focus formation test, which is widely 
accepted as a measurement of and a model for oncogenic potential in vivo. 

Applicants submit that treatment with AAV is predictable as supported by the known 
use of AAV as a vector in gene therapy as supported by the attachments discussed above. 
Additionally, the previously submitted declaration by Dr. Hermonat and the supporting Coker 
et al publication showed that AAV containing the wild-type Rep78 protein inhibits 
papillomaviruses. As noted in the previous response, the Coker et al publication disclosed 
in the "INTRODUCTION" that AAV is able to inhibit papillomavirus oncogene expression, 
papillomavirus-mediated transformation and papillomavirus replication. As commented on 
in the last sentence on page 83, second column of Coker et al, these inhibitory effects have 
been mapped to the AAV Rep78 protein. Further, other publications in support of the 
usefulness of AAV Rep78 were provided previously. Dr. Hermonat's declaration also 
provides additional publications that are cited in Coker et al 

Additionally, Dr. Hermonat comments that the in vitro data presented in the present 
application supports the disclosed novel AAVRep78 mutants, such as the AAVRep-192 HG , 
which bind more strongly to specific DNAs as compared to the wild-type AAVRep78 protein. 
These stronger DNA binders are identified as useful for treating cancer. See the specification, 
page 26, lines 19-22. Additionally, applicants provide a publication by Storey et al 
(Attachment 5) that shows in Table 1 that HPV-16 and HPV- 18 DNA cause focus formation 
using baby rat kidney cells while HPV-6 and HPV-1 1 DNA do not. These results support a 
direct correlation with what occurs in vivo where HPV-16 and -18 have been identified as 
associated with cancer and HPV-6 and -11 have not. The focus formation is widely accepted 
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as a measurement of and a model for oncogenic potential in vivo. Dr. Storey comments at the 
end of the first column on page 1819 that 

"[t]here is a striking parallel between the in vivo malignancy of 
HPV-associated lesions and the activity of the corresponding 
HPV type in our co-transformation assay." 

Additionally, a publication by Tsunokawa et ah discloses that HPV- 16 DNA induced 
malignant transformation of NIH 3T3 cells (See attachment 6). 

Therefore, in view of all of the information, publications and arguments provided 
above, applicant submits that claim 20 is enabled, and as a result, it is requested that this 
rejection be withdrawn. 

Claims 2, 4-20 and 46 

Claims 2, 4-20 and 46 are rejected because the Examiner alleges that the specification, 
while being enabling for an AAVRep78 mutant which demonstrates enhanced binding to 
HPV 16 and decreasing binding to itself, is not enabled for increased or decreased binding to 
HIV and oncogenes as compared with wild type. The Examiner states that the specification 
does not demonstrate either decreased or enhanced binding to either HIV or to an oncogene. 
Applicant disagrees with the Examiner's position and directs him to page 5, beginning at line 
5, where the many proteins that AAVRep78 regulates are disclosed as follows: 

AAV Rep78 regulates a variety of heterologous genes. 
C-U-ras (Katz, et ah, Cancer Research 46:3023-3026 (1986); 
Hermonat, P.L., Cancer Research 51:3373-3377 (1991); 
Khleif,e/<3/., Virology 181:738-741 (1991)), c-fos (Klein- 
Bauernschmitt, etah,J. Virol. 66:419-4200 (1992); Hermonat, 
P.L., Cancer Letters 81 :129-136 (1994)), c-myc (Klein- 
Bauernschmitt, et ah, J. Viroh 66:419-4200 (1992); Hermonat, 
P.L., Cancer Letters 81 :129-136 (1994)), and the HIV long 
terminal repeat (HIV-LTR) (Rittner, et ah, J. Gen. Viroh 
73:2977-2981 (1992); Antoni, etah,J. Viroh 64:396-404 
(1991)) are down-regulated by AAV Rep78, while the c-sis 
promoter is up-regulated (Wonderling, et ah, J. Viroh 70:4783- 
4786 (1996)). Still other genes are not affected, such as the 
murine osteosarcoma virus long terminal repeat (MS V-LTR)( 
Hermonat, P.L., Cancer Research 51:3373-3377 (1991)) and 
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the human p-actin promoter (Horer, et al,J. Virol. 69:5485- 
5496 (1995)). The largest of 4 products encoded by the AAV 
rep open reading frame (Mendleson, et al, J. Virol. 60:823-832 
(1986)), AAV Rep78, is required for AAV DNA replication 
(Hermonat, et al,J. Virol 51:329-333 (1984); Tratschin, et al, 
J. Virol 51:611-619 (1994)) and for AAV gene regulation 
(Labow, etal,J. Virol 60:251-258 (1986); Tratschin, et al, 
Mol Cell Biol 5:3251-3260 (1986)). AAV Rep78 carries out 
a range of biochemical activities which are necessary for its 
biological phenotypes (Im, et aL, Cell 61 :447-57 (1990); Ni, et 
al , J. Virol 68:1 128-1 138 (1994)), including binding to 
promoter DNA (McCarty, et aL, J. Virol 74:4988-4997(1994); 
Batchu, et al, Cancer Letters 86:23-31 (1994); Wonderling, et 
al,J. Virol 71 :2528-2534 (1996)), and to a variety of cellular 
proteins (Hermonat, et al , Biochem. and Molec. Biol Internat. 
403:409-420 (1997)), including the transcription factors Spl 
(Hermonat, et al Cancer Research 56:5299-5304 (1996); 
Pereira, et al. 9 J. Virol 71:1747-1756 (1997)), TBP (Hermonat, 
et al, Virology 245:120-127 (1998)), and itself (Weitzman, et 
aL, J. Virol 70:2440-2448 (1996), Hermonat, et al, FEBS 
Zetfers 401:180-184 (1997), Smith, et al,J. Virol 71:4461- 
4471 (1997)). 

Applicants provide the Batchu and Hermonat publication, (FEBS Letter, Vol. 367) 
(Attachment 7) cited in the present specification as disclosing the inhibitory effect of AAV 
Rep78 on the HIVI long terminal repeat sequence (LTR). Additionally, Batchu, et al, 
Cancer Letters 86:23-31 (1994)( Attachment 8), also cited in the specification, discloses that 
AAVRep78 inhibits the oncogene, ras. Additionally, AAVRep78 inhibits other oncogenes, 
such as myc,fos, and jun. The specification as filed discloses many publications that show 
the effect of the binding of AAVRep78 to the many genes disclosed in the specification. 
Further, the present specification provides an assay to determine the extent of binding of 
AAVRep78 to DNA fragments. The specification also provides the entire sequence of the 
complete AAV-2 genome and Figure 16 provides the amino acid sequence of the wild-type 
AAVRep78 amino acid sequence. A person skilled in the art can mutate one or more of any 
one of the amino acid sequences of this disclosed sequence to create mutants as disclosed 
beginning on page 19 of the present specification. These AAVRep78 mutants that are 
prepared can then be tested in the disclosed assay for the binding to specifically identified 
heterologous genes. Nothing more than trial and error experimentation is required to prepare 



-9- 



002.1138215.1 



U.S. Serial No. 09/693,908 



and test these AAVRep78 mutants. With applicant's specification in hand, undue 
experimentation is not required to carry out the present application to its full scope. 
Therefore, applicant respectfully disagrees with the Examiner because there is sufficient 
guidance for a person skilled in the art to practice the present invention using the disclosure 
of the specification. In view of these supported arguments, applicant requests withdrawal of 
the present rejection of claims 2, 4-20 and 46. 

Claim 1 1 

Claim 1 1 remains rejected as not complying with the written description requirement. 
Claim 1 1 is directed to AAV Rep-77 LG and AAV Rep-79 FA . The Examiner has dismissed 
applicant's arguments and has interpreted them as somehow supporting the Examiner's 
position that the reproduction of the identical virus is unpredictable. The Examiner again 
asks for evidence of public availability of the starting material. 

Applicant again respectfully disagrees with the Examiner's request that a deposit is 
necessary. Applicant has provided the complete nucleic acid for the AAV2 (Figure 1 5) and 
the nucleic acid encoding the amino acid sequence of the AAVRep78 wild-type protein 
(Figures 16). Applicant reiterates all of the arguments presented in the previous response and 
again states that the DNA sequence of the entire AAV2 is disclosed in the present application. 
No deposit is necessary. Additionally, the same sequence is disclosed in Srivastava et ah 
which is disclosed in the present application and is present in the National Library of 
Medicine NCBI Sequence site as evidenced by the attached sequence (Attachment 9). If 
applicant had not provided the sequence of the AAV2 genome, then the Examiner could 
request whether the present AAV had been deposited but as the sequence is disclosed in the 
present application, known and published in a scientific paper and available through on-line 
sequence searches, applicant submits that there is no need to provide evidence of public 
availability. 

To reiterate the present and previous arguments, all of the AAV Rep78 mutants can be 
prepared from the wild-type AAV Rep78 protein as disclosed in the present application. 
Figure 15A-C discloses the nucleotide sequence encoding AAV Rep78 as nucleotides 321- 
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2186 and Figure 16 provides the corresponding amino acid sequence of the AAV Rep78 
protein. Thus, the specification provides the sequences needed to prepare the AAV Rep78 
mutants. The specification discloses the preparation of these mutants using known methods. 
Applicant submits that knowing the AAV Rep78 protein nucleic acid and amino acid 
sequences, a person skilled in the art can follow the specification using standard methods to 
modify a known amino acid sequence/nucleotide sequence, to prepare the mutants with the 
desired modifications from the wild-type AAV Rep78 nucleic acid and amino acid sequences, 
such as a single amino acid change. See the specification on page 19, lines 1 5 to page 20, line 
13. 

Applicant submits that the identical virus can be prepared by using the disclosed DNA 
sequence to do so. Additionally, the amino acid and nucleic acid sequences of AAV Rep 78, 
methods of making the AAV Rep mutants and methods for assaying for their binding is 
disclosed in the present application and it would not require undue experimentation to make 
other AAV Rep 78 modified proteins using the disclosure in the specification. 

As argued above, the amino acid and nucleic acid sequences are known and provided 
in the specification, figures and Sequence Listing. Plasmids containing a specific AAV Rep 
78 mutant can be prepared as disclosed. All of the manipulations to create other mutant 
proteins from known sequences are well within the skill of the artisan. Thus, a person of skill 
in the art would be able to prepare the claimed AAV Rep 78 mutant using the guidance in the 
specification for making AAV Rep 77 LG , 79 FA , and 192 HG modified proteins using the known 
sequence of AAV2 which includes the AAVRep78 sequence. 

Applicant submits that a deposit is not necessary as the nucleic acid and amino acid 
sequences are disclosed in the specification, in a publication and publicly available online . 
Applicant requests that the Examiner reconsider his position and withdraw this rejection. 
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Rejections under 35 U.S.C. § 112, second paragraph 

Claims 7. 14. 15, 17and 18 

Claim 7 remains rejected as being indefinite because the Examiner alleges that it is 
unclear how long the truncated version of the protein is. The Examiner is referred to the 
specification on page 13, beginning on line 14, where "the smallest truncated AAVRep78 
mutant" that is still capable of binding to the target DNA to inhibit the papillomavirus or 
oncogene as compared to the corresponding wild-type AAVRep 78 protein defines the 
smallest truncated mutant encompassed by the claim. Applicant submits that the claims 
define a functional property of the truncated protein and the specification discloses the 
complete sequence of the AAVRep78 protein. Therefore, the claimed "truncated AAVRep78 
protein" is not indefinite to the skilled person because the claim and the specification 
provides an unambiguous definition of these truncated proteins. 

Claims 14, 15, 17 and 18 are rejected as being indefinite for the lack of disclosure for 
the specific sequence for the tat protein of HIV and/or not providing a reference a reference of 
the specific sequence. On page 14, lines 27-28 of the specification, it is disclosed that a 
publication by Nagahara et ah discloses the use of the tat protein in fusion proteins. Also 
attached is an HIV Sequence Database provided by the U.S. government (Attachment 10) 
showing tat alignments on line. Additionally, a search of the NCBI Protein sequence 
database shows almost 1700 hits of the tat protein (Attachment 11). Applicant submits that 
tat protein of HIV is well known and available to skilled persons, and it is requested that this 
rejection be withdrawn. 
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CONCLUSION 

Applicant believes that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. 

The Examiner is invited to contact the undersigned by telephone if it is felt that a 
telephone interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No. 1 9-0741 . Should no proper payment be enclosed herewith, as by a 
check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or 
even entirely missing, the Commissioner is authorized to charge the unpaid amount to 
Deposit Account No. 19-0741. If any extensions of time are needed for timely acceptance of 
papers submitted herewith, Applicant hereby petitions for such extension under 37 C.F.R. 
§1.136 and authorizes payment of any such extensions fees to Deposit Account No. 19-0741. 

Respectfully submitted, 



Date - - ^ft^^ B ^^J^^^ 




^/^^ ^7 

FOLEY & LARDNER Jayme A. Huleatt 

Customer Number: 22428 Attorney for Applicant 

Telephone: (202) 672-5569 Registration No. 34,485 

Facsimile: (202) 672-5399 
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Press Releases 1999 

Avigen Reports First Promising Human Gene Therapy Trial Results for 
Hemophilia B 

Researcher from The Children's Hospital of Philadelphia Provides Update at The 
American Society of Hematology Meeting 

MEW ORLEANS - December 6, 1999 - Presenting at the annual meeting of the American 
Society of Hematology, researchers at Avigen (Nasdaq; AVGN), The Children's Hospital of 
Philadelphia, and Stanford University Medical Center reported that Avigen's gene therapy 
for treating hemophilia B is hewing early Indications of therapeutic benefit Patients with 
hemophilia B are deficient in a protein called factor IX that is required for Wood to clot. 
After delivering the gene for factor IX using Avigen's proprietary adeno-associated vector 
(AAV), factor IX protein activity was detected in the blood of the initial hemophilia patients 
treated, even at the lowest dose administered. "What we have observed is that the gene 
has been successfully delivered and is producing biologically active factor IX," said Avigen 
President and CEO. John Monahan, Ph.D. "Over the last several months, we were 
pleased to observe that the increase in factor IX protein activity correlated with a 
significant reduction of factor IX concentrate usage by these patients. This is a result we 
would not have anticipated at this dose level," added Dr. Monahan. Muscle biopsies have 
also confirmed the presence of factor IX in the tissue of patients who received the AAV 
vector. The trial began approximately six months ago. The initial patients began to express 
factor IX within eight weeks of the treatment and continue to express factor IX 

Three patients have now been treated using Avigen's proprietary adeno-associated vector 
(AAV) and have experienced no adverse side effects. No antibody formation against factor 
IX or localized inflammation at the injection site was seen In any of the patients during the 
course of the study. The results of the Initial low dose regimen suggest that the treatment 
is safe and easy to administer. Treatment of patients at a higher dose level has recently 
begun. 

Hemophilia B Is a disease afflicting approximately 5,000 individuals in the U.S. Patients 
with hemophilia B lack clotting factor IX and must undergo intravenous Infusions of factor 
IX protein concentrates at an annual cost of up to $100,000 per patient. The protein 
infusions are effective at providing temporary relief from acute bleeding episodes, but last 
only a few days in the circulation. Due to the lack of sustained levels of factor IX, patients 
with hemophilia experience frequent spontaneous bleeding episodes, particularly in their 
joints and soft tissues. With time, these patients generally develop chronic arthropathy or 
joint dysfunction. A small percentage suffer permanent disability or even die from bleeds 
Into the central nervous system. 

Coagulin 5 is Avigen's proprietary AAV vector carrying the gene for factor IX. Avigen's 
goal is to deliver the gene for factor IX into the patient* s muscle cells wher it will 
continuously produce factor IX in the blood. Sustained levels of factor IX in the blood 
stream is expected to substantially reduce spontaneous bi eding episodes and the need 
for factor IX protein Infusion. Nine patients are to be enrolled in the trial: three each at a 
low, interm diate and high dose, treated sequentially. In at) cases, the treatment is a 
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simple procedur in which a single intramuscular administration delivers the vector 
containing th factor IX gene. The trial is b ing conducted et two sites: The Children's 
Hospital of Philadelphia, with lead Investigators Katherine High, M.D. and Catherine 
Manno, M.D., and Stanford University Medical Center, where Mark Kay, M.D., Ph.D. and 
Bert Glad r, M.D,, Ph.D. are leading the trial. 

'The absence to date of any adverse reactions or side effects reaffirms Avigen's choice of 
our AAV vector system as a preferred vehicle for the delivery of genes In a safe and 
efficient manner. It is still early in the trial and we have a lot of work ahead of us, but we 
are very pleased by the results we have seen to date." Monahan added. 

Based in the San Francisco Bay area, Avigen, Inc., Is a biotechnology company involved 
in the development of gene therapy products derived from AAV for the treatment of 
inherited and acquired diseases. The company's proposed gene therapy products are 
designed for In vivo administration to achieve the production of therapeutic proteins within 
the body. Additional information on Avigen's proprietary gene therapies can be found at 
www.avigen.com 

Note: Except for the historical information contained herein, this news release contains 
forward-looking statements that involve risks end uncertainties. Actual results regarding 
the efficacy of gene therapy using AAV vectors for treating humans with hemophilia B 
may differ materially from those discussed herein. Factors that could cause or contribute 
to such differences Include, but are not limited to: the risk that the results reported are a 
statistical anomaly, and actual results with more data points wiil show less favorable 
results; the study is in its early phase, and the benefits experienced to date could drop off 
substantially overtime; the risk that adverse side effects could still manifest themselves; 
the other factors discussed in this press release; and other risks detailed from time to time 
in documents filed by Avigen with the SEC, including the report on Form 10-K for the year 
ended June 30, 1999. 

### 
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Contact: Thomas J, Paulson 
Chief Financial Officer 
Avigen Inc. 

1301 Harbor Bay Parkway, Alameda, CA 94502 

Tel; 510-748-7150 

FAX' 510-748-7155 

Internet: paulson@avigen.com 
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Press Releases 1999 

Success of Gene Therapy Research for Canine Hemophilia B Shows Promise 
for Treating Humans 

Research Results Published This Week in Nature Medicine 

PHILADELPHIA (January 4. 1999) - Gene therapy using the adeno-assoclated virus 
(AAV) vector to deliver the missing clotting factor in hemophilia B "is likely to be 
successful in the treatment of humans with the disorder/ 1 according to research reported 
this week in the January 1999 Issue of Nature Medicine. The report cites successful 
expression of biologically active clotting Factor IX in dogs that received a single 
administration of the gene therapy up to 16 months earlier. 

'The gene transfer strategy that we used resulted in sustained expression of Factor IX at 
levels adequate to show improvement in two different blood coagulation assays," said 
Katherine High, M.D., Director of Research of the Hematology Division at The Children's 
Hospital of Philadelphia. "Many gene transfer strategies that seemed promising in mice 
failed to show efficacy in large-animal models. However, our success with large animal 
models here increases our expectation that similar effects may be seen in humans/' she 
explained, 

'The success of this simple, safe and efficient procedure for gene transfer and expression 
of Factor IX in a large-animal model also indicates potential applications for treatment of 
other genetic disorders that require systemic delivery of a therapeutic protein/' the authors 
wrote. The research was conducted by a team of scientists from The Children's Hospital of 
Philadelphia, the University of North Carolina at Chapel Hill, and Avigen, Inc., (NASDAQ: 
AVGN) of Alameda, Calif. Dr. High is a member of Avigen's Scientific Advisory Board. 

Avigen is a biotechnology company whose proprietary technology uses an AAV vector, a 
modified form of a common, harmless virus, to deliver genetic material to target cells that 
will then produce the missing protein implicated in Inherited and acquired genetic 
disorders. An Investigational New Drug (IND) application was filed with the FDA in 
November 1996, seeking approval of this gene therapy approach for treating hemophilia B 
in humans. 



Hemophilia B is a bleeding disorder caused by the absence or deficiency of clotting Factor 
IX that affects an estimated 2,800 U.S. males, Now, patients must undergo costly 
intravenous infusions of blood clotting Factor IX protein. The protein infusions are effective 
at correcting bleeding episodes, but last for less than 24 hours in the circulation. Annual 
treatment costs are estimated to be $100,000 per patient For those reasons, patients are 
usually treated only in response to bleeding episodes. Micro-bleeds may continue to 
occur, causing damage to the joints or, in the worst case, a stroke due to bleeding in the 
brain. 

The report in Nature Medicine also cites evidence that the Factor IX in the treated animals 
is biologically active; the animals' clotting times were significantly reduced. The report 
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notes that a period of 6 to 8 weeks was required to reach maximum levels of g ne 
expression and correction of clotting times, and that, subsequ ntly, expression lev Is have 
remained stable for more than a year after the one-time dose. 

Further none of the dogs developed immune responses that wputd limit long-term 
systemic expression of Factor IX. While researchers detected evidence of antibody 
response in some of the dogs using highly sophisticated techniques, they pointed out that 
if testing for antibody response had been confined to the measurements now in use in 
clinical settings, "all dogs currently on study would be deemed free of clinically significant 
antibody response," stated Dr. High. There was no evidence of local or systemic toxicity in 
the treated dogs. 

The authors also note that the therapy was delivered via minimally invasive intramuscular 
(IM) Injections. Although Factor IX is normally produced In the liver, these findings show 
that muscle cells can synthesize biologically active Factor IX 

In the same Issue of Nature Medicine, Mark Kay, M.D., Ph.D., a current member of 
Avigen's Scientific Advisory Board, reported on a different research project in which gene 
therapy with recombinant AAV vectors corrected hemophilia B for a period of over 17 
months In mice and for at least 8 months in dogs. Director of the Program in Human Gene 
Therapy and Associate Professor in the Departments of Pediatrics and Genetics at 
Stanford University School of Medicine, Dr. Kay is actively collaborating with Avigen as 
the company continues to expand its gene therapy research and development programs 
for the treatment of hemophilia A and B. 

Based in the San Francisco Bay Area, Avigen, Inc., is a biotechnology company involved 
in the development of gene therapy products derived from AAV for the treatment of 
inherited and acquired diseases. The company's proposed gene therapy products are 
designed for in vivo administration to achieve the production of therapeutic proteins within 
the body. 

Note: Except for the historical Information contained herein, this news release contains 
forward-looking statements that involve risks end uncertainties, Actual results regarding 
efficacy of gene therapy using AAV vectors for treating human$ with hemophilia B may 
differ materially from those discussed herein. Factors that could cause or contribute to 
such differences include, but are not limited to, those discussed in this press release, as 
well as other risks detailed from time to time in documents filed by Avigen with the SEC, 
including the report on Form 10-K for the year ended June 30, 1998. In particular, the 
statements above regarding the potential for gene therapy using AAV for treating humans 
with hemophilia B or other genetic disorders is subject, in addition to the above, to the 
following risks and uncertainties: success of gene therapy in large animal models does 
not guarantee that the same results will be obtained With humans; the risks of adverse 
side effects in humans; and other risks and uncertainties inherent in the development of 
gene therapy products. 
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Press Releases 1999 

Avigen Reports In Vivo Delivery and Long-Term Expression of Factor VIII Gene 
For Hemophilia A 

Alameda, Calif (Nov. 1, 1999) In a gene therapy study targeting the potential treatment of 
hemophilia A, Avigen (NASDAQ: AVGN) scientists today announced that a single 
administration of an adeno-associated vector (AAV) carrying the gene for factor VIII 
produced physiological levels of biologically active clotting factor in the plasma of animals. 
Significant levels of factor VIII have persisted in these animals for nearly two years. 
Avigen believes this is the first publication showing factor VIII expression in vivo using 
AAV. 'This is an important milestone m the development of AAV vectors to treat 
hemophilia A indicating for the first time that AAV vectors represent a viable approach for 
factor VIII gene therapy," said Alan McClelland, Avigen's Vice President of Research and 
Development This work parallels Avigen's clinical work with Coagulin-B® , an AAV vector 
carrying the gene for factor IX for treating hemophilia B which is currently in Phase l/il 
clinical trials and suggests that factor VIII can similarly be delivered using AAV for the 
treatment of hemophilia A. The findings were published In the October 26, 1999 issue of 
the Proceedings of the National Academy of Sciences. 

"By successfully delivering a very large gene, once again our scientists have overcome 
what had been perceived as an obstacle/' noted Avigen President and CEO John 
Monahan, Ph.D. "By splitting the human Factor VIII gene and delivering the two 
sequences via two separate AAV vectors, they have overcome the size limitations of the 
AAV vector, This certainly bodes well for our hemophilia A program." 
This study Is one component of the preclinical research underway on Avigen's proposed 
gene therapy product, Coagulin-A to treat hemophilia A. The program also includes 
approaches intended to deliver the factor Vlil gene in a single AAV vector. Hemophilia A is 
an inherited disorder characterized by a deficiency in the blood clotting protein factor VIII. 
It affects roughly 16,000-20,000 individuals in the U.S. alone; the annual cost of treating 
these patients with recombinant or plasma-derived factor VIII exceeds $1 .2 billion. 
Avigen's factor IX gene therapy product for hemophilia B, Coagulin-BG, Is currently in 
clinical trials at The Children's Hospital of Philadelphia and Stanford University Medical 
Center. The clinical protocol is designed to deliver an AAV vector containing the factor IX 
gene to hemophiliacs by means of an intramuscular injection 

Based in the San Francisco Bay area, Avigen, Inc. Is a biotechnology company involved In 
the development of gene therapy products derived from adeno-associated virus for the 
treatment of inherited and acquired diseases. The Company's proposed gene therapy 
products are designed for In vivo administration to achieve the production of therapeutic 
proteins within the body. 

Citation:- Melissa Burton, Hiroyuki Nakai, Peter Colosi, Janet Cunningham, Rachel 
Mitchell, and Linda Couto. Coexpresaion of factor VIII heavy and light chain adeno- 
associated viral vectors produces biologically active protein. Proceedings of the National 
Academy of Sciences 1999; 96(22): 12725-1 2730. 

Note: Except for the historical information contained herein, this news release contains 
forward-looking statem nts that involve risks and uncertainti s. Actual results may diff r 
materially from those discussed herein. Factors that cpuld cause or contribute to such 
differences include, but ar not limited to, those discussed in this press release, as well as 
oth r risks d tailed from time to time in documents filed by Avigen with the SEC, including 
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Its Annual Report on Form 10-K for the year ended Jun 30, 1999. In particular, the 
foregoing discussion of the success of Avigen's delivery of Factor VIII In animal studies 
does not guarantee that the same results will be obtained with humane. In addition, other 
risks and uncertainties inh rent in the development of gene th rapy products may prevent 
Avigen's success in animal models from being r plicated in humans. 
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Prsss Releases 1999 

Avigen's Gene Therapy Technology Shows Promise For Treating Parkinson's 
Disease 

Research Presented by Dr. Krys Bankiewicz at The American Society Of Gene Therapy 
Meeting Holds Promise For Novel Therapeutic Approach to Treating Common 
Neurological Disease 

WASHINGTON, DC - June 14, 1999 - Krys Bankiewicz, M.D., Ph.D., of the National 
Institutes of Health, in collaboration with Avigen, Inc. (NASDAQ: AVGN) and Lawrence 
Berkeley National Laboratory presented research results of studies in primates suggesting 
the potential for Avtgen's gene therapy technology to treat Parkinson's disease. 
Parkinson's disease is a neurological disorder characterized by a decrease in 
spontaneous movements, gait difficulty, postural instability, rigidity and tremor, which 
result from a decrease in the availability of the neurotransmitter dopamine in the brain. 
Speaking at The American Society of Gene Therapy Conference in Washington, DC, Dr. 
Bankiewicz announced that dopamine activity could be restored in a primate model of 
Parkinson's disease following treatment with Avigen's adeno associated virus (AAV) 
vector. 

"Researchers in the field of gene therapy have encountered many obstacles in their 
attempt to develop an effective therapeutic approach to treating genetic disorders," 
commented Dr Bankiewicz, "Avigen's AAV based approach to treating Parkinson's 
disease may hold promise for the broader application of treating a variety of genetically 
based conditions," he said. Dr. Bankiewicz's findings represent an important advance in 
the potential development of gene therapy treatment for Parkinson's disease, a common 
and devastating neurodegenerative disease affecting over one million people in the 
United States. 

The strategy behind gene therapy is to provide the patient with the genetic information 
needed in order to restore certain biological activities within the cell. The challenge to date 
has been to identify a mechanism by which genetic information can be successfully 
transferred to the appropriate cells to the body. Viruses have been identified as possible 
delivery agents; however, many viruses are harmful or even deadly and are effective only 
under certain carefully controlled conditions. As a result of its progress with its AAV vector 
system, Avigen researchers may have developed a potential solution to this challenge. 

"We are enthusiastic about the possible application of Avigen's gene therapy technology 
to Parkinson's disease," said John Monahan, Ph.D., President and CEO of Avigen. "If our 
research findings continue to exhibit the promise which they have to date, our AAV vector 
system may provide an attractive therapeutic alternative for certain genetically based 
diseases." 

Ba ed in the San Francisco Bay Area, Avigen, Inc. is a biot chnology company Involved in 
th development of gene th rapy products derived from adeno- associated virus for the 
treatment of inherited and acquired diseases. The Compan/s proposed gene therapy 
products are designed for In vivo administration to achiev the production of therapeutic 
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proteins within the body. Avigen recently comm need a Phase I human clinical trial of 
Coagulin-B<S>, its new gene therapy treatment for hemophilia B. 

Ernest Orlando Lawrence Berkeley National Laboratory (Berkeley Lab) ngages In non- 
classified scientific research In Berk ley, CA. It is managed by the University of California 
for the U.S. Department of Energy. 

Note: Except for the historical Information contained herein, this news release contains 
forward looking statements that involve risks and uncertainties. The statements regarding 
the therapeutic value of AAV gene therapy for the treatment of Parkinson's disease, the 
therapeutic value of Coagulin-8® for the treatment of Hemophilia B and estimates of the 
numbers of patients that are potential candidates for these treatments, are forward- 
looking statements subject to risks and uncertainties, including: the success of gene 
therapy and administration in animal models does not guarantee that the same results will 
be obtained in humans; the risk that side effects may result from the treatments; other 
risks and uncertainties inherent in the development of gene therapy products; and those 
risks detailed from time to time in documents filed by Avigen with the SBC, including the 
report on Form 10-K for the year ended June 30, 199B. 
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Comparison of the in vitro transforming activities f 
human papillomavirus types 



Alan Storey, David Hm, Anne Mimay, 
Kit Oaborn, Lawrence Bank* and 
Lionel Crawford 

Molecular Virology Ubontfqry. Imperii! Cukct ftaetrch Fund. 
Lincoln"* ten Fields, London WC2A 3PX, UK 

Commuiuaced by L.Cnwfbrd 

The association of certain human papillomavirus (HFV) 
types with the majority of human cervical carcinoma* 
suggests a rote for the virus in the development of this 
type f cancer. In this paper, we have examined the 
transf rming properties of several HPV types where the 
early region genes of the virus are under the control of 
a strong heterologous promoter and show that m*jor 
differences exist between the HPV types hi their ability 
to transform primary rat kidney epithelial cdb in con- 
junction with an activated mi oncogene. Those HFV types 
most commonly found in carcinomas— types 16, 1$, 31 
and 33— are capable of co-operating with nw to transform 
primary cells, but those types most commonly found in 
benign lesions— types 6 and 11— are not We further 
demonstrate that the E7 gene of HFV16 by itself b suf- 
ficient to co-operate with activated /tw to produce trans- 
formed cells which are tumorigenk in immunocoenpetent 
animals* 

Key words: transformation/human papiUomaviru$/£6/E7 



Introduction 

One of the most striking differences in the natural history 
of the human genital papillomavirus infection is in die prog-, 
nosis erf lesions coitUimng lutmv 
6 or 1 1 DNA on the one hand and those containing HFV16 t 
18, 31 and 33 DNA on foe other . HP V6 and HFV 1 1 DNAs 
are frequently found in genital wails and m3d dysplasias of 
the uterine cervix, but rarely in severe dysplasias or malig- 
nant carcinomas. The other types— 16, 18, 31 and 33— are 
rarely found in condylomas or mild dysplasias, but their 
DNAs are found in most severe dysplasias and malignant 
carcinomas (Durst et al. f 1983; Gissman et at. t 1983). 

This suggests very snoopy thai there mu* be some signifi- 
cant differences between the genes of the various types in 
the way that infected cells respond to them, HPV6 and 
HPVU are relatively closely related/ showing >60% hom- 
ology throughout their genomes (Broker and Chow, 1986). 
HPV6 is less closely related to HPV18 and types 16 and 
1 8 are not closely related to each other (Boshart *f , 1 984) . 
The closest homology between HPV types is found in the 
U open reading frame, corresponding to the major capstd 
protein (Broker arid Chow , 1986) but this is unfihety to be 
involved in cellular transformation/ The different prob- 
abilities that HPV types exhibit bf jndiir^ maligna* 
formation and carcinomas, as opposed to the production of 



benign papillomas, suggests that DNA sequence differences 
exist between the various HPV types whk* are important 
in determining the transforming potential of an HPV type. 

In this paper we have used an in vitro co-transformation 
assay (Madashewski et oL, 1987a) to examine the biological 
activities of HPV 16, HPV 18, HPV31, HPV33, HPV6 and 
HPV11. The advantages of this co-transformation assay 
using primary baby rat kidney (BRK) epithelial cells are 
threefold. Firstly* the cells are epithelial rather than fibro- 
blastic and, since true papillomaviruses in vivo grow only 
in epithelial cells, this is a much more appropriate cell type. 
Secondly, the cultures are primary cells rather than estab- 
lished cell lines^and are therefore presumed to be normal 
when placed in culture. Thirdly, the system shows a require- 
ment for two oncogenes or transforming agents, one from 
the establishment class and one from the transforming class. 
It is similar in this respect to the primary rat cell system 
which has been studied extensively (Land et oi. t 1983; 
Rassoulzadegan etat., 1983; Ridey, 1983). The reqwrewient 
for more than one transforming event parallels the situation 
in vivo, where it is clear that papillomavirus infection alone 
is not sufficient to generate malignantly transformed cells. 
A second agent such as smoking* X-rays or chemical car- 
cinogen is probably needed to allow the development of a 
high-grade lesion into a carcinoma. In our previous study 
we showed that, in conjunction with an activated res onco- 
gene, the DNA of HPV 1 6 under control of a strong heter- 
ologous promoter transformed primary rat kidney epithelial 
cells. This activity requires a protein or proteins from the 
E6/B7 region of the HPV 1 6 genome. We have now refined 
this local ization and show that the relevant protein is likely 
to be E7. We then went on to examine other papillomavirus 
DNAs and show that there are striking differences between 
the various HPV types in their transforming activity. 

Results 

£7 kthe tmnatonntag gvnm ofjftvW 

Tiansfoctkm experiments usiiig#PVl6 DNA cloned into 
a pZTP-NeoSV(X)i vector (Cer#> et al. , 1984) forming the 
plasmids HZHM6 and HPV16K (Madashewski et al, 
1987a), demonstrated thai HPV 16 contains one or more 
oncogenes, derived from the E6/E7 region of the genome, 
which could co-operate with an activated ras gene to 
transform primary cells (Madashewski et n/„ 1987a). We 
first set up experiments to determine whether the transform- 
ing activity resides in E6 or E7 or whether both were 
required. Using an expression vector similar to pZIP-Neo, 
pJ40 (Wilkinson era/.. 1988), we cloned the E6 or E7 open 
reading frames (ORFs), either separately or together* and 
tested their transfonning ability relative to pJ4016 which 
<»niairurrjotfoftheHPVl6gw 

PJ4016K contains both the B6 and B7 genes on a DNAfrag- 
rnent derived from the deleti n mutant HPVK-16 
(MarJashewstitf gL, 1987a). A plasnud containing the E6 
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Fig, L Slmccufe of rceombwam HPV DNA containing pUmwto- HPV 
ORF* proem ait todkstod by solkl bar*. Mo-MuLV LTR, ampkallin 
resistance mnb, multiple cloning she* (MCS) and qtkt donor (SD) 
tnd splice acceptor (SA) utes arc indicated. The diagram is not to 
scale. Tto location* of the HPV ORF* are token from Sdiwir* * at. 
(1983), <HFV6); Dtrtmara 0 al. (198®, (HPVll); Soedorf # 

(1985) . (HFV1$); Cokt and DtMt (tW7). (HPV18); Urincz «r a/. 

(1986) , (HFVJ1); Bcaudemn * af. (19*6), (HPV33). 



gene alone was constructed from a pATl S3 vector (Twigg 
andShcrratt, 1980) containing HPV16 DNA inserted at the 
AzmHI site. This plasmid was ddeted between the /Vufl she 
at bp 551 and the Ncol site at bp 863, and also tetween the 
two Kpnl sites at bp 890 add 5377, This deleted plasmid 
was restricted with EcoRl and BamlU and a 1,77-M> frag- 
ment was inserted into pJ4Q. Tikis plasmid, however, con- 
tained the E6 ORF which was in the wrong orientation with 
respect to expres si on from the LTR promoter. The fragment 
was correctly orientated by cuttiAg with BamlU, end repair- 
ing, then cutting with EccRl. The resulting E6 ORF con- 
taining fragment was inserted into a £gfll-cut, end-repaired, 
£boRI-cut pJ40 to form the fragment pJ4Q16.E6 (Figure 
j). This plasmid codes for the entire E6 ORF, except for 
the C-terminal amino acid leucine which is replaced by His- 
Oly followed by a stop codon. To generate the E7 vector, 
a L9-kb rV*fl fragment containing the E7 ORF was linker 




adapted such that both AWI sites wove 
Bmm «od Bu*l sita woe j«kfcdsteitrcreoATten^ 
moot was inserted fans the EcoRI lite of pATt 53, This 
r^lssmidwwrestrfc^wi* 

serted Into pMO to form the pbmadiMl6W^catitaim 
the E7 ORF with virtually no upstream secpietwe awl with 
1 .6 kb of 3 # sequence beyond the atop codon {Figure I), 

Those HFV16 DNA contain^ pt*^^ 
into BRK cells with or without an activated El-rar gene. 
The plasmid p$V2-nco (Southern and Berg, 1982) wis in- 
cluded in all transection experiments. After 24 h the cells 
were placed under G418 selection. Transformation was 
monitored by the appearance of foci after 3 weeks (Figure 
2), Neither pSV2-neo nor EJ-ms by themselves formed foci. 

As shown in Table I, the activity of the plasmid pJ4Q 16K 
localizes the transforming activity of HPV 16 to the E6VE7 
region, confirming the previous result with HPVK-16 which 
contains the same sequences in the pZIP-NeoSV(X)l vector. 
No foci were ever observed in experiments using pJ4Q16.E6. 
However, when pJ40 16.E7 was co-transfocted with EJ-nrc 
the number of foci formed was about the same as that formed 
with pJ40 16. This shows that the E7 gene alone is capable 
of co-transforming primary cells. In conjunction with our 
previous "faults it shows that E7 is both necessary and 
sufficient fbrtr^formatjon in this assay. The eelk produced 
by transfextioTijvith pJ4Ql6.B7 are morphologically altered, 
growing quickly to high density and showing no signs of 
senescence after >4 months. The numbers of foci obtained 
using pJ4fll6K were always lower than those obtained when 
either pJ4016 or pJ40l6.E7 are used (Table i); However, 
when pJ4Gl6.E6 and pJ4016*E7 were transfected together, 
similar numbers of foci to those generated by pJ40l6 were 
observed. This suggests that the lower number of foci formed 
by pJ4Q16K is a fraction of that particular construct, and 
that the E6 gene does not inhibit transformation by E7. It 
is possible that a spliced E6-B7 product from the pJ4fll6K 
insert has a negative effect on transformation and that this 
negative effect is lacking where E6 and E7 are on separate 
plasmids. To tetf the transforming activities of E7 genes from 
HPVs 18* 31 and 33, E7 genes from these types were 
isolated and cloned info pJ4lL For HPV 18, a 1.4-kb Xbal 
fragment (bp 321-1735), for HPV31, a 2.(M* 
HpdL-EcoRV ftagpttrtt and for HFV33 a 644-bp 2>rol frag- 
ment (bp 470- U14) were used. Each of these E7 alone 
constructs cooperated with w as efficiently as constructs 
cemtaining ths entire early region 



cmies of the pJ40l6 and ' 
and analysed for^ 
analysis (Southern, 1975) . ^ ' 
cell lines was digested with 
rtrtutsWl 'HPV16 DNA r 



The transformed cells from 
pJ4Q16.E7 transactions 
HPV 16 DNA by Southern 
Total cellular DNA from * 

BarrOU and probed with r 

Figure 3 show* that integrated HPV46 t>NA was present;^? 
at high copy number in the oo-tnwsfccted cell lines . Norths 
em blot analysis of total RNA isolated from transiently , 
.infected BRK cells ahows that HPV 16 early region RNA 
species were expressed (Rgiire 4a); These BRK ct^expra* 
RNA species which range in size from -2 kb to -5 kb 
in length. Western blot analysis of a p)4Q164ran$fbrmed 
monoclonal cell line demonstrated the presence of B7 pro- 
tein in these cells (Figure 4b). Immunoperoxidase staining 
of either pJ4Q16- or pJ4Q16.CT-ta^ormed cells using a , 
monoclonal antibody directed^ against v-H-nw showed 
overexpressioo of m ta these :^^(da^ not irHrwn), 
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Fit. 2- TTimfonrntkm of primary BMC cell* by HPV DNA* All 
dishes woe trutsfotad with p$V2-neo« pEJ6.6 (containing an ftctivtced 
ras oncogene) and the indicated ptasmid in each caae. Culture* were 
grown' in the preaence of 200 pg/ml G418 and stained 3 weeki after 
transtcction. 



Table I* Number pf foci obt» 
cell* 


jned from ptiEmid 1 


raimtttt of BRK 


PUsmid 


Experiment 










2 


3 


pJ40 


34 


116 


38 


^pMQIoK 


7 


62 


11 4, 


pMOl6.E7 


15 


130 


63 


pJ4QI6,E6 


0 


0 


0 




24 


133 


37 


pMQIS 


17 


31 


44 


pM03l 


16 


42 




pM033 


*7 


40 


31 


pJ4ai6+jif406 


30 


141 


33 


pJ4flt6+pM0ll 


27 


156 


77 


pJ406 


0 


0 


0 


oMQII 


0 


0 


0 


pMfl vector ikn 


0 


0 


0 



Each experiment contained, in tdditkm to the indicated piasrnid, 
pSV2*DD encoding reabtance to G41* and p£/6>6, a ptatmid 
containing the Ha-m* oocote n e derived from die human Madder 
cafdooma cell Hue. The f*m*or of ait thote obomed wlicn 5 
of each pUpmkl *w added to a 90-oam diih of primary wrfxonftuent 
BRKcety No foci wot obeetved if either pSV2«> or pBW,6 were 
onufSfd .front the experiment. 

Co-frwttfomi#tion ivftft otfietr HPV types 
To investigate the co-tran&forming potential of other HPV 
type$, DNA fragments encoding early region ORFs were 
ligated into pJ40 (Figure 1). Constructs were modelled on 
HZDM6 as far ts possible and contained analogous se- 
quences, HPV6 inserted at the BamYH site of pAT153 was 
cut with BamHl and Mhd. A S2-±b fragment encoding early 
region genes was isolated and end repaijfcd. This fragment 
was BamHL linked and cloned into &uftHI<ut pJ40. The 
plasmid pJ40l 1 was constructed by excising the HPVll 
genome with BamK from the pSV2-neo vector and inserting 
this fragment into pJ4Q. The HPV18 genome in pBR322 
was cut out with EcoU and recircularited using T4 DNA 
1 igase. The circularised genome waa digested with Kpnl and 
a 6.44db fragment inserted into pJ40. HPV31 DNA. inserted 
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fig. 3- Southern Mat analytic of HPV16 DNA sequence* la BRK cdk 
whidi rutf been ccKnitsfbctcd wkh HPV16 DNA, p5V2-neo and the 
EJ-w oncogene. Each lane oontaint 10 *g genomic DNA, Lane* 
1-3 contain pMti digested with JWtf, Xjvd aid Ad. Lanes 4-7 
contain DNA obtained from a nmodenal ccd line derived from a 
«ngle tamrionnod foci ccmorin* pMQt6 (bme .4. ana* DNA; lane* 
5-7 an: dip*"* with BanM, Kp*L and Pify lance S~ll contain 
DNA iaoUicd from a meoodonil ceU line tnntfonned with pJ4U16.E7 
(lane 8, ancut DNA; lanes 9-11 contain PNA oa wiA fiowiHl, Ajml 
andfjri). Lane 12 contains 30 p* &mHt oa HIV16 DNA« 
eouivalent to one copy of HPV DNA per cdL 
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at die EcoRl site of pBR322 , was cut With £coRI and Sail, 
yielding a 5,8-kh fragment which was ligatedlntD EcoRU 
SoA-cut pJ4Q. HPV33 DNA present in a BgtSL site of A 
modified pBR322 vector was cut with fltodffl and JBgHU 
giving a 5.64d> fragment which ww dottd bto HfcdmJ 
Bgia-cat p)4Q . These fragments were trmsibcted into BRK 
cells as described and placed under (M18 selection . The 
results of these experiments are summaped in Tibk t lite 
vectors containing DNA from HPV#pes 16. IS, 31 and 
33 produced similar numbers of traJtaroed ft>ci» whereas 
no foci were observed with HPVAr HPVll constructs. 
This could have bean either because they do not eapres* their 
early regions or because the proteW exrxe^ lac^ trana- 
forming activity. To verify that the HPV6 and 11 constructs 
were curetting early region RNA, BRK cells were transi- 
ently infected with pJ406 and pJ4QU> Total oaUular RNA 
was probed with vims-specific early region DNA and com- 
pared to RNA isolated from pJ4Q16-, pJ4016.E7- and 
p)4Q18^rensfbrmed BRK cells (Figure 4a), Similar levels 
of early region transcript were seen in the cells transfocted 
with HFV6, 1 1 or 16, suggesting that theiack of transform- 
ing activity in HPV6 and 1 1 is not swriplydue to the abce«^ 
of early region expression, Purthennore^ isolated E7 ORFfr 
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4. (a) Northern Mot analy* of RNA derived fom transiently 
infected BRK cttta. Lime 1, pM06; bne 2\ pMOll; b» 3 V pJ4M8; 
lane 4, pJ4QI6; hue 5, pJ4G16.E7; tarn *, eunfectnd ARK <*0*; 
hne 7, HT156, a tumour cell line attaining HPV 16 DMA. Each lane 
wit probed with a DMA probe comtpondiRg to the rcgutaagry and 
E6/E7 rtgkra tpedfc for the corrcaponcUng HPV type. The probe* 
*w: HPV6, a 2.754b MfedDI fragment derived tern pMQ6; 
HPVIU a 2.254* AwHI^U fogme* of genome DNA; HFV16. 
Ac 2. 141> florin imeit of pWOloX (nucleotides 5377-6150 and ,.• 
7454-WQh HFVlS, a 2.44b *>I-raflI fragment <jf famocne DNA. 
(b) Wettern bkx intlyak. Ottt etfncti of: hue 1, miuamfeuod BRK 
onils; lane 2, OSto cell*; In* 3, pMGI6 crib »crc ran on a 12% 
potyacrylamkk gd and the prooanf tnavtond to a rtrodrfMafo 
filter. The filter wy then reacted with the «nti-E7 anftody 
E7TV (Obendorf ct a/., IW7) followed by imnaioope 



from HPV types 18. 31 and 33 ai* abte to co^raie whh 
ras as efficiently as the entire crty region tf the respective 
gnomes Co transform primary BRK cells/ 

Tumour production 

Acquisition of a trajisformed pheaotype w vftrv is by no 
means alwayt arrnrnp«ninri by in^<* in nirrprigcmf poten- 
tial We therefore cloned and tested die cell lines gaunted 
bytraftsfonnBiionwith 

to produce tumour* in syngeneic rati. When 2 x 106 cells 
transformed by either pl40l6 or pJ4Q16.B7 were injected 
subcutaoeously into each flank of three syngeneic rats 
tumours formed at the site of injection 2-3 weeks Utter 
These tumoun were found to be poorly differentiated 
adenocarcinomas, j 

Cytokorstifi tttMnff 

Since the tumours with which HPV types are associated are 
usually carcinomas, derived from epithelial cells, it was 
important to show that the cells or cell lines generated by 
« vr/ro transformation were epithelial in origin rather than 
fibroblast^ By usty 

against the cytokeratini characteristic of epithelial cells we 
were«bi to demonstrate that the transformed ceQ$ were. 

1818 




Flft> S. tmmuMrtuor*Jtt»ge pattern of rrnmrHonal antibody (mAB) 
atuniqg oo methanol ftuad BRK cefli traotfoined winYttM0l&E7. . 

LW4 (femtim 3 aod 14); S«fe bar ~ 2 1 

in all cases, simple epithelial cells. They were Stained withl^ 
monoclonal antibody LE61, specific for keratiidg CFtgNV^I 
5). No staining was observed with LP34, which rat cells^ ( 
stains keratins 5 and 14 but not simple keratins such ai. : I 
keratin 18 (Figure 5) (Lane er a/., 1985). • i ^< 



Discussion 

T^besKbajactetizalfr 

one developed for bovine papil^mavirtis type 1 (Bjyi 
The BPV-l genome amtamsA least two 
forming genes, E5 and E6 (Nftibayashi at <i/,» 1993; 
at<i/ M l984;Sdiffler*<2f., 1§toiY$ty*al+l98S; 
ctal. f 1986). Transformation of tnouae fibroblast 
by HPV 16 was obtained more roDenty* using assay 
similar to those used for BPV-1 (Tsunokawa €t al.} 
YasumotD et aL f 1986; Kiattashewski etaL, 1987h)^ 
sequendy transformation of primary rat epithelial ^otO^^^M 
achieved by using HPV 16 in conjunction with an acdvateii^ 
ms oncogene (MatLashewski er aL t 1987a), Here 4MetaM;^? 
analysis indicated that the traiisforrning protein or pnteiitti ^ \ 
encoded by HPV 16 came from the B6/E7 region of the 
genome and that none of the other majorORFswasi 
(Matlashewski etd,> 1987a). 

We have now shown thai the B7 gene by itself < 
with an activated ras gene to transform primary BWtccUj^f 
Our conclusion, that HPV16-E7 is both iiecea^ a^a^^ 
tkiem for transformation In this assay, is surpriaJng fa T ^6f^jm J 
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Of orv-i ifii w uinMPOP wniCB qBnHCg cj na tso 8* cranio 
foCuitng pramn an not acctn in ffp pii cii c is/, m n ymwm 
wcxild appear to be rained to ouutiul of copy number when 
BPV-I DNA it fepUddag epitaanlly in mnnc ocfl*, 
chough ceDi transformed by an E7 mutiuJl were Mmrtiniei 
mutable (Lutky and Botch**, 1985; Bob 0 <n\, 1986). 

Wc lad expected to find ft* HPVlr>E6 tad transforming 
activity siatogou* to that of BPV1-E6 tnd our results with 
the E6^E7-com»ining construct HPVK-16 were consistent 
with a role far E6 (Mttlashewtid etaL* 1987a). However, 
repeated efforts to obtain tamsfbrmation with HPV16-E6 in 
pJ4Q were uniformly negative, whereas HPV16-E7 always 
gave transformation* The E7 transforming activity was not 
antagonized by E6, nor did adding E6 cause a significant 
increase in E7 transformation. Complex splicing patterns 
have been observed for the E6/E7 region, generating RNAs 
which could code for polypeptides made up of parts of E6 
and E7 ORFs (Schwarz et al^ 1983; Schneider-Gfidicke and 
Schwarz. 1986). We do not have any evidence for a role 
of any protein derived from, or including part of, the E6 
region in our transformation assay, but clearly in other 
circumstances, $.g. in the absence of a strong heterologous 
promoter, it may be important to influence the amount of 
E7 production., The difference between BPV-1 and HPV16 
transformation may be related to the use of fibroblasts and 
epithelial cells respectively in the two assays, or more likely 
to the feet that co-transformation by HPV16 plus m* may 
relate to carcinomatous transformation as discussed later. 
Monoclonal cell lines transformed by pI4Q16.E7 plus ras 
or by pJ4Dl6 plus ras have been growing in culture for >4 
months with no sign of senescence. These cells were clearly 
epithelial by their cytokeratin staining patterns and formed 
tumours in immunocompetent syngeneic rats within 2-3 
weeks. 

Having established that transaction with HPV16 phis ras 
generated malignantly transformed cells* we went on to ask 
whether other genital papfltomaviros types were also active. 
The virus types tested fell into two distinct groups: types 
18, 31 and 33. which were as active as HPV16; and types 
6 and 11, which were inactive. HFV6 and 11 are usually 
found in benign genital and laryngeal lesions and generate 
papillomas. They appear rarely to progress to carcinomas, 
HFV18, 31 and 33, on the other hand, are found in advanced 
dysplasias, intraepithelial neoplasias and carcinomas in situ. 
Our analyses of virus-specific RKA in the HFV6- and 
HPVll-transfected cells indicated that the E6/E7 region of 
the DNA was being transcribed, showing that viral genes 
ait being expressed by these types, although transfermatitn 
is not occurring. Transfectkm of HFV6 or MPV11 together 
with HPV16 caused no reduction in transformation by the 
active type, indicating that HPV6 and HPV 1 1 do not have 
a negative effect unblocking transformation or lolling trans- 
formed cells. The DNA sequences of HPV6, 11, 18, 31 and 
33 are quite similar overall and m the E7 region in particular. 
It will be interesting to compare the properties of the viral 
E7 polypeptides to determine whether tps is where critical 
differences reside and, if so, where within the E7 polypeptide 
they are located. 

There is a striking parallel between the in vivo malignancy 
of HPV-associated lesions and the activity ftj* correspond- 
ing HPV type in our coHTansfonnation assay. This strongly 
supports the idea that wc are studying the carcinomatous type 
of transformation rather than simply the benign papillo- 



t type of 
valuable fnffw* 
me OGveioprnent or cervical 

Metertale end method* 



Conffndtoa of HPV mqwaitafi 1 
HPV DN Ai wwa tindly provided by Professor H, tar Mauna (HPVi ft, 
U. 16, i8KDrATX«taa<KFV3l)^DrOjOrtiaiFVai^Tte|il«^ 
pMQ wts sfia framJ W*pt*xin. DNA tra|0^4ffeduW«HPV 
eypcgw«»cli*io4swjtenwJ^ 



■ rwnn^mn mno NKmn 

adnata of primary ftAK crik m prepared Mltitafaad^faDNA- 
cakkim ptop h tie co-preripimkM method (Wlffer ti 0/., 1979). AUouou 
of DNA-caktom ptosphate precipitate (0.4 ml) oontaintftf 3 *| of etch 

of the ind tested pltHrodi wit added to 90-nrn tfishftt of fub-cooflueat 
primary BRK cells. After ejycerol treatment the cefls were cultured in 
Dulbaxo's modified Essie's medium containing 10% feted calf serum tnd 
200 pg/nriCMllCdHwrrc fixed m fixing 



Nuchh adtf ttfbHdlmtkm 

Tots] genomic DNA ww isolated rrqm transformed BRK colonies which 
hthd been tnuufedod with HPV DNA md the &-nu odoqbbk. DNAaxnpkz 
(10 were digested with flamHI, Aft* and Kpnl ind ekotrOphorescd in 
1% tftra^ yds ind wbjectcd to Southern btot snslysU (Southern* 1975) 
upna HybondrN fihers^Anteithein Imeiikitionsl)* Hybddiiitkns wett per* 
formed using nk^-tndiilsted HPV fenomk DNA far 20 h- Fitei* wrat 
wtshed in 2 X SSC cantata 0.1% SD$ (1 X SSC is »50 mM Nad, 
IS mM trisodium citntc T pH^7,0) it inom tonpcnlun:, mod dm in 0.2 X 
SSC contsining 0.1% SDS at 35*C and espoeod to B^i RX X-ray ffon 



Tout RNA wu oolsted from tnn»ea4y infected BRK cells utiag 
ftnnidiom thtocytntte (Chirgwin it ai. y 1979). OryoxyJated RNA (20 ^g) 
«w clcctnjphoreied on 1% tgSRMe gels and subjected to Northern blot 
nlyib (Tbomtt, 1980), Hytaridizatiooi were p er formed at described abo¥e. 

Imtm mm i m ■ !■ I ■ «f ■> tm 

mfwfmJnOfmfVOnff 

For antiysis of E7 protein lysthecized in cell tines a 90-rnm plate of coo- 
Ouent cells wts lyted taring 200 sJ of rysis buAer (230 mM N«O t 0. 1 % 
NF-40, 50 mM Hepes, pH 7.0, \% sprrtbro). 

SDS- PAQE^ DT»nqnoUottinf and protein QgtcctioTtwwe as pivmwty 
descrflwd (Banks <r 19S7> using an tnti-ET cnooodoctil antibody E7IV 
(r^rsdorf 19»7). 
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Transforming activity of human papillomavirus type 16 DNA 
sequences in a cervical cancer "y>yO S 
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ABSTRACT A genomic DNA sample from cervical cancer 
tissue, containing Immnn papillomavirus (1I2»V) type 16, ww 
found to Induce iiiRUunsnt transformation of N1U JT3 cells 
when It was tested by Iransfectloit assays using the calcium 
phosphate copreclpltaUon technique. The primary and Second- 
ary transforntants coatalued the HPV type 16 DNA sequences 
and human specific Ala family sequences. To the best of our 
knowledge, it has not been reported previously that HPV type 
16 DNAscquence* In total genomic DNA from m cervical cancer 
have transforming activity. 

There is increasing evidence that human papillomavirus 
(HPV) types 16 and IS are involved in the development of 
cervical cancers (1-11); HPV type 16 or type 18 DNA 
sequences and their transcripts are frequently found In 
cervical cancer tissues and cell lines established from cervical 
cancers. However, the only information available on the 
transforming activity of these types of HPV is a report that 
a recombinant plasmid containing a hcad-toUil HPV type 16 
dimer could transform NIH JT3 cells (12). We tested the 
genomic DNA from a human cervical cancer containing HPV 
type 16 for transforming activity on NIH JT3 cells by 
transection using the calcium phosphate copredpltation 
technique. We round that this DNA sample transformed NIH 
3T3 cells and that the transforming activity was associated 
with the HPV type 16 DNA sequences and human specific 
Atu family sequences. 

MATERIALS AND METHODS 

Cells. NIH 3T3 cells and*W-cdls were kindly provided by 
M. Wigler(Cold Spring Harbor, New York). The al-1 cell line 
Is a secondary transfornunt obtained by transection of NIH 
3T3 ceils with DNA isolated from T24 Madder carcinoma and 
it contains three or four copies of activated c-Ha*r« and Ala 
family sequence! (13, 14). NIH 3T3 celts were cultured in 
Dulbecco's modified Eagle's medium supplemented with 
10% calf serum at 37*C. whereas transformed NIH JT3 cells 
were cultured in the same medium supplemented with 5% calf 
serum. 

Preparation of DNA and Transection Assay. High molec- 
ular weight DNA was extracted by the NaDodSCVproteliv 
ase Kohenojf hloroform method (15) from tissues or cultured 
cells, A surgical specimen of cervical cancer tissue was 
obtained from a 60*year-otd patient undergoing hysterectomy 
for stage HI cervical cancer without prior radiation therapy 
or chemotherapy. The cancer was diagnosed histologically at 
a moderately differentiated adenocarcinoma. DNA 
transfection into NIH 3T3 cells by the calcium phosphate 
coprecim'tation technique was performed as described (16. 

The pobttcaJion octls of this ankle were dafrayed in pari by page charte 
payment. Hut article must therefore be hereby marked "artvrf toMMf" 
in accordance with II U*S,C 117)4 solely lo fadicsta tail fict. 



17). Transformed foci were scored 21 day* after transfection. 
Clones of transformed cells were obtained from foci by 
cloning with the use of glass cylinders. 

TuBiorigenklty- NIH 3T3 cells or transformed cells were 
collected and suspended in serum-free Dulbecco's modified 
Eagle's medium. A total number of I x 10* cells in 0.2 ml of 
the medium (each) was injected lubcutaneously into nude 
mice, and the mice were then examined every 2-3 days for 
tumors. In some experiments, the tumors were excised and 
their DNAs were examined for the presence of HPV type 16 
and Atu sequences. 

Southern Olot Hybridization. DNAs were digested with 
restriction endonucleasei under the conditions suggested by 
the manufacturers. Samples of 20 w were subjected t 
electrophoresis on a 0.8% agarose gel, transferred to nitro- 
cellulose filter* by the method of Southern (15, IS), and 
hybridized to a nfck-trenslated u P-lebe!ed torn HI fragment 
of HPV 16 DNA (1) or human specific Alu family sequences 
purified from the plasmid BLURS (19. 20). /JimlllMigested 
X DNA was used as a size marker. A plasmid containing the 
entire DNA sequence of HPV type 16 with the size of 7.9 
kilobaie pain (kbp) (1) was kindly provided by H. zur 
Hausen and L* Cissmann. The total HPV type 16 DNA 
sequence was cut out from the plasmid with ilamHl diges- 
tion, purified by electrophoresis and electroe\ulion» and used 
as a probe. Subgenomtc fragment* used for probes were 
prepared by double digestion of cloned HPV type 16 DNA 
with Bam\\\ and Kpn I and by fractionation of the cleavage 
product in an agarose gel: 2.6-Jcbp BamM/Kpn I and 0«ft-kbp 
Kpn 1/BemHl fragment* (21), The specific activity of the 
probe was >2 x 10* cpm/w of DNA. Hybridization was 
performed with a HPV type 16 probe at a concentration of > 
2 x 10* cpm/mJ in a solution of 50% formamide, 1.05 M 
sodium chloride/0.105 M sodium citrate, 0.2% NaDodSOj, 
5X concentrated Denhardt's solution (15). 10% dextrin 
sulfate, and 100 jig of denatured salmon testis DNA per ml at - 
42"C for 20 hr. The fdter was washed three times with 0.3 M 
sodium chloride/0,03 M sodium citrate containing 20 mM 
sodium phosphate (pH 7.0). 0.06% sodium pyrophosphate, 
and 0.05% NaDodSO* and once with 0,15 M sodium 
chloride/Q.QtS M sodium citrate containing the same com- 
ponent* at 50*C. Then it was exposed to Kodak XRP-5 film 
with an Intensifying screen at -70*C for 4-48 hr. Hybridiza- 
tion with the Alu fcmily sequence was performed at a probe 
concentration of >2 x 10* cpm/ml in 0.9 M sodium 
chloride/0.09 M sodium citrate, 0.1% NaDod$0„ Sx c n- 
centrated Denhardt's solution, and 100 Ml °T denatured 
salmon testis DNA per ml at 69"C for 42 hr. The washing 
conditions were the same as for hybridization with the HPV 
type 16 DNA sequence, except that the temperature was 

Abbreviations: HPV, human papitlomavuut; kbp, kilobaie paiittV: 
kb, kilobaud). 
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Fm. 3. Southern blot hybridization analysis of HPV type 1< 
JHA sequences In the trantfofntems. DNAi Tram the seconder] 
IrMiforminl 1 (lanes a, d, And g), the secondary transformed 2 
lanes b. e. nod h). end the primary transformenl (lanes c ( f-gnd i) 
tvere digested with Pil l/frrmHI (lanes a-ch Pit I (tenet dlfX and 
p*mH\/Av* II (Unci g-i), and Southern blot hybridisation analysis 
was performed with probe 1 {A) tnd probe 2 10) . Probe 1 and probe 
were the 2.6-kbp F«mUI/*pn 1 fragment and O.ft-kbp A>i 
l/ftrmMI fnigmenlrfcbncd prototype HPV type 16 DNA, rcspec- 

S«ly (C). (C) Restriction map or cloned prototype HPV type 16 
HA (21), tadlcating cleavage sites for Jtomlll (a), P*t I (■), A*a U 
(o), end Kfitt I (t), 

bend in the position of high molecular weight DNA (date not 
shown). Considering these data, It Is very unlikely that HPV 
type 16 sequences ire present In the cpisomal form in the 
transformnnts. 

RNA transfer blot analysis of poly(A)+ RNA from the 
primary trans/ormani showed that the transformed cells 
expressed HPV type 16 sequences with the sUe of 1.8 
kilobnses (kb). Additional faint bands correspomlin^tQ^lzes 
of 6.B kb, 4.9 kb, and 2.7 kb were also obsenrcdrjgig^. 

DISCUSSION 

Several recent report! have Indicated the close association of 
HPV type 16 and type 18 with cervical cancers. HPV type 16 
was reported to be associated with (2% of the cervical 
cancers examined from the Federal Republic of Germany, 
33% of those rrotn Kenya and Bratil (1, 3), and 43% of those 
from England (6). Moreover, 40-60% of cervical cancers in 
Japan were associated with HPV type 16 or type 18 (11, 26). 
Several cultured cell lines established from cervical cancers 
contained HPV type 16 or type 18 DNA sequences (7)» 
Including those established from Japanese patients (26), 
Furthermore, HPV type 16 or type 18 DNA sequences were 
found to be transcribed in these tissues or cells. 

1 ne present experiments showed the presence of trans- 
forming sequences in the DNA sample from the cervical 
Cancer that could be transmitted through a second cycle of 
transection to NIK 313 cells. The transforming sequences 
included human specific Alu family sequences and HPV type 
16 DNA sequences, and the latter were expressed as 
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Fio. 4. Transcription of HPV type 16 genome In the transform- 
ant. Five micrograms of poly(A)* RNA was purified from a primary 
transform** (lane a) and N1H 3T3 cells (lane b). sw«ected to 
dectrophemii, trensff rred to a nitrocellulose (liter, and hyondued 
with a nJck-lranilstcd "P-fabcled tfarfiHI fragment of HPV type 16 
DNA. TT»e location! of 1M U-* kb) and 28S (4.8 kb) are Indicated- 

poty(A) + RNA In the primary transformanl. HPV type 16 
DNA sequences with human genomic DNA were integrated 
into the primary and secondary transformanU of N1H 3T3 
cells. These results provide evidence showing that HPV type 
16 sequences integrated into total genomic DNA from the 
cervical cancer had transforming activity when transacted 
into NIH 3T3 cells. 

There are reports that bovine papillomavirus type 1 or its 
cloned full-length DNA transformed rodent cells in vitro and 
that the viral DNA remained as stable extrachrom soma! 
ptasmids in the transformed cells (27, 28). These reports 
suggested that parts of ihe bovine papillomavirus type 1 itself 
were responsible for the transforming activity. Despite at the 
potential importance of HPV type 16 DNA in development of 
cervical cancer, there were controversial reports n the 
transforming activity or HPV type 16 DNA. It was shown that 
HPV type 16 DNA sequence cloned in the pS V2 AC# failed t 
induce malignant transformation of NIH 3T3 cells (29). 
However, it was reported recently that a recombinant plas- 
mid containing a head-to-tait HPV type 16 dimcr at the 
/faffiHK lite of pSVZpM could Induce malignant transforma- 
tion when transfected into NIH 3T3 cells (12), indicating the 
HPV type 16 genome Itself was responsible for the trans- 
forming activity. It is possible that linearizing HPV type 16 
DNA at the BamHl site might lead to disrupt* n of its 
transforming activity. The possibility of insertional mutation- 
type activation of a cellular oncogene (30) by HPV type 16 
DNA sequence cannot be ruled out at present for the 
acquisition of the transforming activity of the cervical cancer 
DNA reported here. 

Studies are necessary to determine what part of HPV type 
16 sequences is required for transformation of NIH 3T3 cells. 
The structure and the role of the human genome containing 
Ah family sequences associated with HPV type 16 DNA 
sequences should also be clarified. 

We express our deep apprecisthm to Qrs. H. zur Hausea and L. 
Qlssmann for their generous gift or HPV type 16 probe. We alio 
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for providing NIH 3T3 cells and+H cells. This study wns supported 
in part by a Grant-in-Aid from the Ministry of Health and Welfare of 
Japan, ■ Qnint Mn-Aid if or Comprehensive 10;Y ear Strategy for 
Cancer Control fgpnTThe fchnlstry ot " Mealin^anJ WdrarTM ^span. 
and a great fromthc Foundation or Promotion of Cancer Research 
of Japan. 
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i!l t, " C< lar ** "P *"* products, Rep78 and Rentf „r 

S« AAV gene expression. Apart from these essential 
functions prerequisite for the life cycle of AAV the« nr«T 

wui *S SJ'T, '1" den ~ llto « ^P78 t as a chimeric 
with he maltose binding protein, directly binds the fulMength 
HIV-1 long terminal repeat (LTR), and to a subset of the* 
sequences containing the /ffl/u-activation response (TAR) se- 
quence as DNA. These interactions, an effector protein physically 
binding a target promoter, suggest a direct mechanism of action 
for Rep78 inhibition. Furthermore, competitive binding studies 
between the TAR region and the full-length HIV-LTR, strongly 
suggested that another site(s) within the LTR was also bound by 
Rep7S. Finally, as Rep78 binding is also believed to be affected 
by secondary structure within the DNA, it was found that Rep78 
preferentially binds with HIV-LTR sequence* with promoted sec- 
ondary structure generated by heat denaturation and rapid cool- 



Key words: Human immunodeficiency virus; Adeno-associated 
virus; Rep78; /ra/ty-Activation response element 



1. Introduction 



AAV's life cycle as a human helper-dependent parvovirus 
requires that it interacts with other viruses, and it might gener- 
ally be thought of as a parasite of its helpers, adeno- and herpes 
simplex virus [1,2]. AAV has been found to inhibit a variety of 
viruses, including, adenovirus [3,4], herpes simplex virus [5.6], 
papillomavirus [7-9]. and HIV- 1 [10-14]. The Rep 78 and Rep68 
proteins, encoded by the AAV rep gene, have been found to be 
responsible for these inhibitions [7-9]. Furthermore, Rep78/68 
regulate the expression of cellular genes, including c-H-ros [15- 
1 7], c-/r;.y [ 1 8. 19]. and c-w>v [1 8, 19]. These finding are consistent 
with the Rep78/68's function as regulators of AAV's own gene 
expresson. 

Previous studies of AAV's Rep78/68 inhibition of HIV-1 
have concluded that both HIV-1 gene expression and replica- 
tion are inhibited [10-14]. During plasmid co-transfection and 
micro-injection experiments the wild type AAV genome will 
inhibit HIV-1 replication from 90 to 99%, depending upon the 
particular study. However, Rep78/68 inhibition of HIV-l gene 
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expression and replication is even stronger when Rep78/68 are 
expressed from the HIV, Jong termini repeat it£ ? (UTr 

the mechanism by which Rep7.8/6$ inhibit HIV-1 has not been 
dctertnined L Rc P 78/68 are highly multifunctional proteins with 

Si" a£ ? m ° IUdc C ° Valcnt attd n °™alent Ending to 
uina, ATP-dependcnt helicase activity, site-specific endonu- 
clease activity, and transcriptional /^-activation and trony 
repression [20-25]. It is likely that Rep78/68's function as tran- 
scriptional regulators are involved in the mechanism of inhibi- 
tion of HIV-l. 

Thus far, it is believed that the short DNA motif, GCTC, is 
involved in the recognition of DNA by Rep78/68. This se- 
quence is present as a trimeric concatemcr in the terminal 
repeats (TR) of AAV and near the site of AAV preferential 
integration on human chromosome 19 [22,23,26-28]. The num- 
ber of GCTC motifs, in close proximity, appear to partially 
determine the affinity of Rcp78/68 protein binding [29], How- 
ever, secondary structure within the DNA also plays a role in 
DNA recognition by Rcp78/68. It has been noticed by others 
[11] that the as TAR sequence of HIV-1, to which the HIV-1 
encoded tat f/vzflj-activator binds as RNA, contains multiple 
GCTC motifs [30,31]. This laboratory has been studying Rep78 
functions utilizing a maltose binding protein-Rep78 chimeric 
(MBP-Rep78), produced in bacteria, which has all the knowa 
biochemical functions of wild type Rep78 from eukaryotes [32). 
In this study we demonstrate that M BP- Rep 78 is able to bind 
to the TAR region of HlV-1 as DNA. 

2. Materials and methods 

2.1. Preparation of DNA substrates and MBP-Rep78 protein 

The AAV TR and murine osteosarcoma virus (MS V)- LTR sub* 
stratcs (the positive and negative controls for Rep78 binding, respec- 
tively) have been described previously [32). and their sequences arc 
shown in Fig. 1. The futl-length HIV-LTR substrate (nt -454 to +42) 
was generated by PCR amplification with Tad. DNA polymerase, using 
linearized pBennCAT plasmid [33] {BamYU digested) as a template and 
the primers i and ii. shown in Fig, 1. This substrate is referred to as 
HIV-LTR (PCR) and was purified by Qiaquick spin column (Qiagen 
Inc<). Complementary strands of synthetic DNA oligonucleotides 
(oligo)(Operon) ii and iii of Fig. 1 were annealed to generate the TAR A 
substrate (nt +23 to +42). A third HIV-1 DNA substrate was generated 
by PCR amplification utilizing primers iii and iv r and referred to as 
TAR 8 (+23 to +86). When appropriate, the substrates were labeled 
utilizing polynucleotide kinase and [^- ,3 P]ATP. The production and 
purification of the chimeric \fBP-Rep75 protein used in the study hu.s 
been described elsewhere [32]. 

2.2. PCR amplification 

Amplification was performed in 50 p\ reaction mixtures containing 
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50 mM KCI, 10 mM Tris-HCI r>H 8 It at ?<.«r ■> il.^-. . ™ 
each or dCTP. dATP dGTP M M8CI * 150 

(shown in Fig ). Yng 0 f Smlt rft^H , °° Pm °! °£ both P"'"™ 
2.5 units dfWoKSX J '>nean«dpBcn«CAT>,.nd 
with mineral nil Th, a « j ■ < Prom,: ff>. Madison, Wl) overlaid 

tun: at 92«C for J SZ £ t'C^ " '7'"™? ""W""' 
min at 75-C Find C for 40 , and extension f„ 1.5 

■^SE«Cp4|^^ a5 , P«*«* with minor 

Samples were XwhoSl 2^ ° S * g ^ (dMC » 

formation in the H?V lWfcSi^iT? DNa "f"*^ «™ 

mvo vmt competition between «*totolJ*S^teS2 
substrate were carried out « indicated in the £cific fiJuTe 

3. Results 

3.1. MBP-Rep7S binds to the full-length H1V-LTR 
With the knowledge that Rep78 recognizes GCTC motifs (or 
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it* complement. GAGC) it was observed that the HIV r to 
conta ned 8 of these mniifc f,„ i ™ J 1 * 1 xne HIV-LTR 
HFV-LTR Z r,nr?/ B } ^ the ^««>ce s of the 
nliA r m0t,fs ' and ,hc HIV-I derived synthetic 

DNA oligonucleotides used in this study. T dS 
Whether Rc P 78 bound anywhere within «heU.en g h™ J 
U*. th. sequences from n« -454 to n, + 42 were amplified by 
polymerase cham reaction (PGR) and tested in an electro 
™hrt K* °<r assay (EMSA) for binding with a Rep78/ 

maUose b, nding protem chimeric. MBP-Rep78f This chimeric 

nf J E , S ,dcn,ical bioche ™«»l activities to that 
of the fully w.ld type Rep78 in all assays so far attempted (DNA 

LTR iii , MBP " Re P 78 P«>t«n was able to bind the HIV- 
shTLT J 3S J" d,cated *y ,he appear a nce of a new high 

t££ add A !*!? W3S dCpendcnt 0f th * ™« of MBP- 
Re P 78 added to the reaction. This interaction of the effector 
molecule with the target promoter DNA suggest 
mechanism of action for AAV R cp 78 inhibition of HIV replica- 
tion and gene expression. THe MBP protein did not bind this 
or any other DNA (data not shown) 

3.2 MBP : Rep78 bind, the HIV TAR DNA sequences 

One regton of the HIV-LTR was of particular interest as it 
contatned three GCTC motifs (nt +25 to +38, motifs 1-3 Fig 
IB) in close proximity. This area corresponds to the ch TAR 
region, which is where the HIV-1 encoded tat rtwu-regulatory 
protein binds as an tnRNA sequence, resulting in > 100-fold 



AAV TR: (positive control! 
S^,« , A A . CCCCTAGTGATfifiAGTTGGCCArT^^ 
MSV-LTR: (negative control) 

6' ■■ X.„TGTACCCGCGCTTATrGCTGCCr AflrTK'TAT a a a a a^/tt a »«,a a o , nTOqCO 
HIV-LTR: 

5 ' T ...GGAAGGRfTTAAjTTCftnTTrr^ n, AAr/IAAftA ^ AAff A " rAT ^' rr/ i^T^TfifiriTrTftCCACA 
CACAAGGCTACTTCCCTGATTAGCAGAACTACACACCAGGGCCAGGGGTCAGATATCCACTGACa 
TTGGATGGTGCTACAAGCTAGTACCAGTTG>«OC*CAGATAAGGTAGAAGAGGCCAATAAAGGAGAG 
AACACCAGCTTGTTACACCCTGTGAGC'CTGCATGGGATGGATGACCCGGAGAGAGAAGTGTTAGA 




GAACTGCTGATATCG>*GCnTGCTACAAGGGACmCCGCTGGGGACTTTCCAGGGAGGCGTGGCCT 
GGGCGGGACTGGGGAGTGGCa4GC*CCTCAGATCCTGCATATAAGCAGCTGCTTiTTGCCTGTACTG 
r G^,GTCTCTCTGGTTAGACC AGATC ^ .. .KMQC^CTGGflA QC*TC y 7CTG ^GCTAGCTAGGGAACC 
CACTGC „TTAAGCCTCAATAA AGCTGCCTT T . 3' 



HIV-1 ollgonudsotldas: 

I 6' TGGAAGGGCTAATTCACTCCC 

ii S' CAGAGAGCTCCCAGGCTCAG 

III 5' CTGAGCCTGGGAGCTCTCTG 

Iv 5' AAGGCAGCTTTATTGAGGCTTAAG 

Fig. 1. Sequences of the DNA substrates and synthetic oligonucleotides used in this study. At the top of the figure are sequences from the AAV TR 
and murine osteosarcomavirus (MSV) LTR. The underlined buses represent substrate sequences. The motifs GCTC and GAGC are in italics, bolded 
and identified by superscript numbers. The AAV TR and MSV-LTR substrates were used as the positive and negative controls, respectively [29]. 
Also shown are the sequences of the HIV-I LTR. The underlined bases in the HIV-LTR represent substrate sequences and/or PCR primers used 
to generate substrates. The nucleotide positions relative to the transcription initiation site (bent arrow) of the HIV-LTR promoter are denoted by 
subscript numbers. The oligonucleotides i and ii were used to PCR generate the HIV-LTR (PCR) substrate (at -454 to +42). The oligonucleotides 
ii and iii were used together (complementary) as the TAR* oligonucleotide substrate (nt +23 to +42). which encompasses the TAR sequences. The 
oligonucleotides iii and iv were used to PCR generate the TAR* substrate (Nt +23 to +86). The plusmid pBennCAT was the PCR template, 
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MBP-Rep78 U/os) 0 .1 .2 4 
HIV-LTR(PCR) + + + " + 




Fig. 2. Dosage dependent complex formation between Hiv-FTr hwa 

to +42) was generated by FCR arnplificacion with Taq DNA nolvm- 

plate and the primer* i and ii, shown in Fig. I. MBP.Re P 78 protein 
production and purification has been described previously fiji EMSA 
?f L W uu^ Cl6d " deScribed in 5CCtiort Briefly, I ngof 
mad Td ™ L ™ (P ? R) was incu ^ted with increasing amounts of 
MBP-Rep78 for 10 mm at room temperature in binding buffer. Samples 
were electropnoresed in a 4% polyacrylamide gek dried and autoradi- 
ographed. Addition of increasing amount* of MBP-Rep78 indicated 
above the panel. 



higher expression levels [30,31]. This laboratory has previously 
demonstrated that a region of the c-H-rav promoter, with a 
similar three motif architecture, was able to bind an MBP-Rep 
protein chimeric [2]. To observe if sequences from the TAR 
region of the HIV-LTR were able to bind MBP-Rep78, a syn- 
thetic duplex DNA oligonucleotide substrate (Fig. 1A, ii and 
iii, and C from nt +23 to +42, referred to a* TAR\ was used 
as a substrate for MBP-Rep78 recognition in an EMSA (Fig, 
3). The results show that MBP-Rep78 does bind the TAR A 
sequences, as indicated by a shifted band. However, the affinity 
of MBP-Rep78 for TAR A was at an intermediate level com- 
pared to the AAV TR (positive control, the natural substrate 
for Rep78, with 3 GCTC motifs in a concatcmeric arrangement 
[29]) and a selected sequence from the MSV-LTR (negative 
control, one GCTC motif (29], also referred to as l MSV). 

In addition to the three GCTC motifs present in the AAV 
TR's stem, the secondary structure of the TR>, with multiple 
hairpin loops, are believed to play a role in the recognition and 
binding affinity of Rep7S. Furthermore, this laboratory has 
demonstrated binding to a single duplex DNA GCTC motif 
within the context of a DNA hairpin [2HJ. The DNA sequence 
of the HIV*) TAR region also shows the potential for signifi- 
cant secondary structure in the region from nt -1 to +82. To 
investigate whether Rep78 bound to this larger TAR sequence, 
a substrate larger than TAR A was generated by PGR amplifica- 
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.i t, "? uenoe J also was recognized by MBP.Rep78, and at , 
Slightly elevated level compared to TAR* (Fig. 3). 

3.3. Competition studies between the fulNengih HIV-LTR 
,u Jj1 d J he TARA ''WMboMe substrate suggest 

h/vltr p78 * ^ to aMl,hml !ile * rt " 

i„ tLv" ° , ! ,er 1 ? CTC m <> tifs a « present within the HIV-LTR, 
m add-on to those m the TAR region, the possibility that th 

the HIV-LTR wa S invented by EMSA competition studies 
The small TAR duplex substrate was used as a unlabeled 

S^K7p3 p * bindi n g wi,h ,he 

it? \i ^ ( ^ CR « cner, * ted )- The AAV TR and MSV 

tSLT^T iu f" DNAs were a,so used « s contrcl 

Ef i^n Ve and negative comro,$ ' respectively). As expect 
was .ncffecfve ( Flg . 4A). TAR* w as also a very we* compel 

S 7m ( a 8 enerated ) r °t effectiveness as a competitor 

W ? • * £* f he HIV " LTR e «-«^ivcly 

against Usclf, while TAR* did „ot. These d*ta are consistent 

^J^S?^ that Rep?8 U aIso bindin * 10 oth « re «ions 
of the HIV-LTR, possibly other GCTC motifs, and with higher 
infinity than to the TAR region. 

3.4. MBP-Rep78 preferentially binds to HIV-LTR substrates 
with promoted secondary structure 
As mentioned previously, it has been reported that Rcp78/68 
protein binding to DNA subtrates is accentuated if those sub- 
strates have significant secondary structure, as with the AAV 
TR which will form a cruciform structure [26]. To determine 



DNAs: TAR A M$V TR TAR* 

MBP-Rep78 .2 .1 0 .2 .1 0 .2 .1 0 .2 .1 0 




Fig. 3. Analysis or MBP-Rep78 binding to HIV TAR DNA. Note that 
a band shifted protein-DNA complex appears in both the TAR* and 
TAR 8 Janes indicating MBP-Rep78 binding to TAR. Approximately 
1 ng of the indicated ' : P<5'-lubelcd substrate was incubated in the 
reaction, The TR and MSV-LTR are the positive and negative controls, 
respectively, EMSA assay was performed as mentioned in Fig. 2 with 
a S% polyacrylamide gel. 
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TAR* oIIqo 

**Kft*° 0,9201000 0 0 0 0 0 0 a 0 0 

nXSlX. ° ° ° ° ° 00 »»»'00O 0 0 0 0 

mSsst ?:t 0 0 ? 0 0 0 ° 0 ° 1020100 

Hiv4.Tn ( PCfti + + ♦ ♦ + + t4i ;;;;;; 




ng competitor: 

HIV-LTR {PCR) 0 0 10 20 100 0 0 0 0 0 

0 0 0 0 0 0 01020100 

HIV-LTR (PCR) + + + + + + + + * * 




B 



Fig, 4. Competition studies between the HIV-LTR and other DNA 
substrates for Rep78 binding. (A) Competition studies between M P 
S'-labeled and unlabeled HIV-LTR (PCR) and with unlabeled TAR A , 
for MBP-Rep78 binding activity, Note that the HfV-LTR (PCR) is a 
better competitor thun TAR\ Increasing amounts of unlabeled ol- 
igonucleotide competitors were added in the EMSA assay as indicated 
with equal amounts of MBP-Rcp78 protein (500 ng). Approximately 
1 ng of^P-S'-labeled HIV-LTR (PCR) substrate was incubated in every 
reaction. (0) Competition studies between w P«5MabeIed HIV-LTR 
(PCR) and unlabeled AAV terminal repeat (TR) or the MSV-LTR 
oligonucleotides for MBP-Rep78 binding, Note that the AAV TR ol- 
igonucleotide is an effective competitor when compared to the MSV- 
LTR oligonucleotides or the TAR A oligonucleotide. Increasing 
amounts of unlabeled oligonucleotide competitors were added in the 
EMSA assay as indicated with equal amounts of M BP-Rep78 protein 
(500 ng). Approximately I ng of ,: P-5' end-labeled HJV-LTR (PCR) 
substrate was incubated in every reaction. 



if secondary structure had an affect on MBP-Rcp78 recognition 
of the full-length HIV-LTR, the HIV-LTR (PCR) substrate 
was heat denatured iind quick-chilled on ice to generate 'snap 
back* secondary hairpin structures [35J, This "snap back' HIV- 
LTR substrate was compared to nornutf duplex HIV-LTR 
(PCR) for Rep78 binding in an EMS A (Ha. 5). As shown in 
Fig. 5, the normal duplex and 'snap back' HIV-LTR (PCR) 
substrates migrated ut different positions in the gel so that it 
was possible to distinguish between them. In one set of reac- 
tions equal amounts of the Snap back' substrate and normal 
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duplex substrate were added together in the EMSA. Both the 
normal duplex and the 'snap back' HIV-LTR (PCR) substrates 
were able to bind MBP.Rep78- However, when the duplex and 
snap back* substrates were together in the same reaction tube 
the snap back* substrate was preferentially band shifted by 
MBP-Rep78 demonstrating a higher affinity for this substrate. 

4. Discussion 

HIV infection is a global problem with no effective treat- 
ment. The inhibitory properties of AAV (Rep78) on HIV- 1 
replication and gene expression have been well documented, 
however, the specific mechanism of action is unknown Our 
results demonstrate that the Rep78 nwu-efTector protein phys- 
ically binds to target promoter sequences. Although the func- 
tional implications of Rep78 binding to TAR DNA (not TAR 
RNA to which tat binds) of the HIV-LTR are still unknown, 
these results suggest a direct mechanism of action for Rep78 
^-regulation of HIV, Rittner et al. (1992) have previously 
predicted that the Rep78/6S proteins may bind to specific se- 
quences of the HIV-LTR [1 1]. Our data supports their hypoth- 
esis. The sequences of the HIV TAR oligonucleotides (Fig. I) 
which we have shown binding to MBP-Rep78 are nearly iden- 
tical to those predicted sequences. Possible detailed mecha- 
nisms for Rep78 inhibition may include the following: (i) the 
steric hindrance by Rep78 of the binding of important positive 
/ra/w-regulators (e.g. tat), (ii) the signalling of other, more di- 
rect, effectors of negative fra/u-regulation, (iii) the direct inter- 
action and effect of Rep78 with the RNA polymerase U com- 
plex of proteins, or (iv) the physical disruption of the HIV- 1 
DNA sequences by the Rcp7S endonuclease function. 

The inability of TAR A to effectively compete against the 
full-length HIV-LTR (PCR) suggests that Rep78 is binding to 
additional sites within the HIV-LTR and with higher affinity 
than Rep78 recognition of TAR. Preliminary experiments in 
this laboratory are consistent with Rep78 strongly binding to 
another site within the HIV- 1 LTR, near TAR (Batchu and 
Hcnnonat, unpublished). Furthermore, this study demon- 
strates that the HIV-LTR, with promoted secondary structure 
generated by rapid denaturation/renaturation, is preferentially 
bound by Rep 78. These finding are consistent with studies of 
Rep78/68 binding to the AAV TR and to sequences from the 
c-H-rwj promoter [20-23,29]* To what extent these secondary 
stuctures actually form in vivo is unknown and predicting the 
extent and importance of the these structures would be highly 
spectulative. However, the 'snap back' form may have rele- 
vance to HIV-1 gene expression *s some transcription factors 
are known to recognize interrupted palindromes which have 
the potential to generate secondary structures (e.g. the papillo- 
mavirus E2 /raw-activator which recognizes the sequence 
ACCN & GGT [36]. 

Continuing these studies we intend to uncover Rep78's 
mechanism of action for inhibiting HIV-L Ultimately, it is 
hoped that AAV Rep78 may be used as a treatment for HIV 
infection. As a gene therapy vector, another interesting area of 
AAV research [37], AAV is able to transduce bone marrow 
progenitor cells [38]. By placing the Rep78 gene under the 
regulation of an HIV responsive promoter and then transduc- 
ing hematopoietic progenitor cells, it may be possible to con- 
struct an HIV resistant immune system, by generating intracel- 
lular immunization. 
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Abstract 



nunaJ repeat (MSV-LTR) promoter. To investigate the possibility that rep may physically bind to ibmwcZZ. 
Vmm specifically to OCTC motifs, we conducted electrophone mobility shift a J ys ^ 
S P-t,in MBP.^ and synthetic double stranded DNA 

™ MSV-LTR promoters, as well as with the AAV TR, We find that MPB-r^bound 

the AAV TR DNA sequence (three motifs) most strongly, followed by the selected c-Hnrw DNA sequence (two non- 
mteftnag mobfs), and most poorly to the MSV-ITR DNA (one motif). These data are consistent with our previous 
study and suggest a direct mechanism of action for AAV rep inhibition of the c-H-rar promoter. Furthermore the re- 
sults suggest : ,ha t the number of OCTC motifs, when closely associated, afreet the affinity of rep binding. Finally, we 
find that MBP-repMA also binds to the c-H-ros oligomer substrates which have secondary hairpin structures. 

Keywords: Adeno-associated virus; rep; Transcription factor; c-H-w; Anti-oncogene; DNA binding 



1. Introduction 

Adeno-associated virus (AAV) is a non-patho- 
genic, helper dependent, human parvovirus, which 
has anti-tumor and anti-proliferatory properties 
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t7 t 8,36]. AAV has been shown to suppress tumor 
growth in animals [5,10,34,37], to decrease focus 
formation (transformation) of contact inhibited 
cells by viral or cellular oncogenes and to inhibit 
viral or carcinogen induced gene amplification 
[13-17,22,25,27-29). Furthermore, sero-epide- 
miologic studies indicate that AAV infection is 
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linked to lower cervical cancer rates [12 331 Th* 

gene open reading frame which encodes 4 overlao- 
pmg proteins, of which the larger pair ofS 

AAVs antMumor/anti-cancer activities [15 271 
:? h Pr ° teinSare ^responsible^ 

EuK PaP'Homavjrus 114,15,17], and human 

veT the far^ ^ f.38J- How" 

ever the large rep proteins are required for AAV 

DNA replication and for rescue from the 
chromosomally integrated provirus [18 19] Be 
cause of the anti-tumor properties of the large Zp 
gene products, they have been described as viral 
antj-oncogenes [15,24]. 

The large AAV rep proteins, rep€S and rep7S, 
are highly multifunctional with biochemical activi- 
ties wh,ch include ATP-dependent, site-specific 
strand-specific endonuclease activity, These pro- 
teins nick within the AAV terminal repeat (TR) 
terminal resolution site (trs), with concomitant 
covalent attachment to the 5' end of the nick by 
a tyrosine-phosphate linkage [22,40,41]. This irs 
activity is required for AAV DNA replication and 
AAV rep mutants in this activity fail to generate 
either duplex replicating form or progeny single 
strand AAV DNA [35]. In addition, the purified 
rep proteins have an associated ATP-dependent 
DNA helicase activity [9,21,22]. Finally, the rep 
proteins are known to positively and negatively 
regulate AAV gene expression [3,4,30,42,43]. 

One of the questions which remained unclear 
was how the rep recognized its substrate(s). Earlier 
work from different laboratories suggested that 
the ability of the terminal repeat to form the 
characteristic T-shaped cruciform structure was 
essential for the rep binding [6,20,32,40], A recent 
report indicates that the requirements for binding 
activity are not limited to recognition of the sec- 
ondary structure, but sequences at the site of bind- 
ing are necessary for specific recognition of the rep 
proteins [9]. DNAase 1 footprint experiments in- 
dicated the presence of GCTC triplet concatamer 
motif at the site of rep binding to terminal repeats 
(9J. Also, the similar sequences were observed at 
the AAV integration site at the human chromo- 
some 19 [26,27,39,45]. 



Previous work by others and ourselves indicate 
tha, the krge AAV rep P rotein( s) dow^l 

n2 Z thc , munne osteosarcoma virus long ter- 
TV* 0 ™** (MSV ^) which ex- 

MSy LTR promoters contain 13 and 2 GCTC 
uouft respectively, within 350 bp of the transcrip- 
tion initiation site [31.44]. In this study we set out 
to understand the possible mechanism behind 
wese observations considering the function of the 
rep protein as a DNA binding transcription factor. 
Here we present direct evidence of the interaction 
ol a large AAV rep protein, expressed as a recom- 
binant fusion protein, with the cH ras promoter 
at a region containing multiple GCTC motifs and 
its non-interaction with MSV-LTR which has only 
one GCTC motif. Because of its wide range of in- 
hibitory effects on oncogenes, understanding the 
molecular mechanisms of these phenomena would 
eventually contribute to the anti-cancer therapy. 

2. Materials and methods 

2.1. Preparation of end-labeled oligonucleotide 
probes 

The DNA oligomers used in the mobility shift 
assay were custom synthesized and 3Z P-5' end- 
labeled with T4 polynucleotide kinase using, to 
generate the AAV terminal repeats (TR) three sep- 
arate oligomers were synthesized, annealed and 
Hgated together prior to the kinasing. Together, 
these three oligomers form the full TR cruciform. 
Complementory strands of the sequences of c-H- 
ras promoter and of MSV-LTR were also anneal- 
ed prior to the kinasing. The custom synthetic 
DNAs (purchased from Operon) for the AAV TR 
substrate included: AAV TRI, 5'TGAGGCCG- 
CCCGGGCAAAGCCCGGGCGTCGGGCGA- 
CCTTTGGTCGCCCGGCCTCAGTGAGC3 ' ; 
AAV TR2, 5'CACTCGCTCGCTCGCGCGTC- 
TCTCCCTCACCGGTTGAGGTAGTGATCC- 
CCAAGGA3'; and AAV TR3, 5 'GAGCGA- 
GCGCGCAGAGAGGGAGTGCCCAACTCO 
CATCACTAGGGGTTCCT3'. The custom syn- 
thetic DNAs for the c-H-nH substrate included: c- 
H-ras A, 5'CTAGAACCCCGAGCTCGGCTC- 
CGGTCT3'; and c-H-«u B, 5'CTAGAGACC- 
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GGAGCCGAGCTCGGGGTT3'. The custom 
syntheticDNAsfortheMSV-LTRsubstratemcIud. 
ed;MSV-LTR A, 5'GCTGCCCAGCTCTATA- 
AAAA3'; and MSV-LTR B, 5 'TTTTTATGAG- 
CTGGGCAGC3'. 

2,2 Protein expression 

The AAV rep open reading frame was cloned 
and expressed in R Coii as a fusion protein with 
maltose binding protein as described previously 
(9]. The fusion protein, MBP-r<?/>68A, was purified 
according to the protocol given by New England 
biololabs and the homogeneity was confirmed by 
SDS-polyacrylamide gel electrophoresis (data not 
shown). 

2.3, Electrophoretic mobility shift assay (EMS A) 
Assays were performed as previously described 
with minor modifications 120]. Briefly, assays were 
carried out with 1 ng of various 5' end-labeled 
oligonucleotides which were incubated for 15 min 
at room temperature with 100-500 ng of MBP- 
rep6%& in a final volume of 20 pi binding buffer (25 
mM HEPES-KOH, P H 7.5, 10 mM MgCl 2p I 
mM dithiothreitol, 2% glycerol, 0.25^g bovine 
serum albumin, 50 mM NaCl, 0.01% Nonidet P- 
40, 0.5/tg of poly(dl-dC)). Samples were elec- 
trophoresed on 4,5% polyacrylamide gels (40:1 
acrylamide-bis acrylamide weight ratio) with 5% 
glycerol in 0,5 x TBE buffer at 100 V for about 
2,5 h. Gels were dried and autoradigraphed at 
-70°C, To promote the secondary structure for- 
mation of the individual oligonucleotides, end- 
labeled single stranded oligonucleotides were boil- 
ed for 2 min and chilled immediately. Experiments 
involving competition between radiolabeled sub- 
strate and unlabeled homologous substrate were 
performed as described in the figure legends. 

3, Results 

3.1. MBP-rep68A interacts with sequences ofc-H* 
ras promoter 

Earlier observations from our laboratory in- 
dicated that the large AAV rep gene product in- 
hibited the transforming ability of c-H-ras but not 
MSV-FBR (vfos) in focus formation assays. In an 
attempt to further investigate this phenomenon, 
EMSA experiments were devised to explore the 
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possibility of rep protein, as an MBP-sq? chimeric, 
directly interacting with c-H-w sequences and 
also to confirm the proposed GCTC motifs are, in 
fact, the rep binding motifs. We identified 13 
GCTC motifs within (nt -350 tq +1 relative to the 
transcription initiation site) the rep sensitive c^H- 
ras promoter [31) (Fig. IB) and two motifs in the 
rep resistant MSV-LTR promoter [44]. From the 
standpoint of the GCTC motifs, the most in^ 
teresting region within the oH-roy promoter in- 
cluded three such motifs (motifs 7^9, Fig, IB) 
within an 1 1 -base sequence (nt -330 to -320). The 
MSV-LTR promoter contained no comparable 
GCTC-rich clusters. However, one motif (motif 1, 
Fig. 1C) was provocatively located immediately 
adjacent to the TATA box of the LTR's promoter. 
Custom synthetic double stranded oligonucleotide 
substrates of these selected c-H-raj and MSV-LTR 
sequences were purchased and analysed for their 
ability to be recognized and bound by rep. Syn- 
thetic AAV TRs, which are known to bind rep, 
were also assayed (positive control) (Fig. 1A), As 
shown in Fig. 2, the band shift patterns indicate 
that rep does bind to the selected sequences from 
the c-H-ras promoter, although to a lesser extent 
than to the AAV TR. The Fig. 2 exposure does not 
show rep binding to the selected sequences from 
the MSV-LTR, however; on much longer ex- 
posures there is a very low level of band shift 
observable. Thus, the differential ability of MBP-* 
rep6&A to recognize and bind to the selected c-H- 
ras and MSV-LTR sequences is consistent with the 
differential sensitivity of the two promoters to in- 
hibition by AAV rep- Non-chimeric MBP protein, 
missing rep, had no observable ability to band shift 
DNA (data not shown). Furthermore, it is 
observed in Fig, 2 that there are multiple high 
shifted bands, usually three, in the MBP-re/>68- 
plus-TR-oligomer lane. This set of bands has been 
observed by others using either fully wild type rep 
or chimeric MBP-™»/?68A (9,201. In Fig. 2, it is 
observed that the MBP-r^68A*plus-roy-oligomer 
lane also shows a very similar band shift pattern. 
This similarity is interesting considering that the 
AAV TR and the ras substrates are very different 
in size. Possibly, the size of the rep protein is the 
most significant determinant of the band posi- 
tioning. 
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<4uA ulGGAACCC CTAQTGATQc 

B 

^TGGGGCGGCGCCCGATGGCGCGCAGCCAAT Se T A rr w CTGACAGACGGGCC«W Mll <;« ACCG6G 

gcagccaatggtaggccg.,^ cgcctggcagacggacgggcgcggggcggggcgtgcg 

CAG^CCCGCCCCAGTCTCCGCCGCCGTG^ 

C GCG G GGC w GAA C CGC fi CGCCCCC G CCCC C GCC C CGC C CCG 6 CCTCGG>C. lC CC GG CCCTGG- CC CCG>GGG aCAe > 




aM GGflCrc ,, C 
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pleie hairpin configuration of AAV TR was not depicted in the picture. 
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MPB-rcp68A 



3,2, Non-labeled c-H-ros oligomer substrates, but 
not MSV*LTR t are able to effectively compete with 
c-H'ras/MBP-rep6#A complexes 

To demonstrate specific binding of MBP-/-ep68 A 
to sequences within the c-H-ros promoter and also 
to further confirm its very weak interaction with 
the MSV-LTR sequences, we used unlabeled 
oligonucleotides AS competitors in the EMSA 
assay. As shown in Fig. 3, cold c-H-ras oligonu- 
cleotide could effectively compete away its n ?~ 
labeled counterpart at the ratio of 10: K This is evi- 
denced by the disappearance of the high bands in 
the 10 ng ras competitor lane when compared with 
the adjacent lanes. In sharp contrast, cold MSV* 
LTR sequences did not compete with MBP- 
re/?68A-plus-c-H-m$ complex formation (Fig. 4). 

Fig. 2. Electrophoretic mobility shift assay (EMSA) showing 
the interaction of MBP-re/>68 with the AAV TR (TR), C-H-W 
and MSV-LTR substrates. Probes indicated above the panel 
were incubated with 100 ng of affinity purified MBP-r*/io& in 
the binding buffer as mentioned in Materials and methods. 
Symbols; (-) indicates oligonucleotide alone, (+) indicates oli- 
gonucleotide together with MBP*rq>63A- 
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nfl MS V competitor 0 0 1 10 
MBP-Rep68A - + + + 

rateXrg + + + 4 





Fig. 3. EMSA assay demonstrating that unlabeled c-H-ras sub- 
strate effectively competes with 32 P end-labeled product of the 
same. Where indicated (+), 100 ng of MBP-rtp68A is added. 
One nanogram of end-labeled c-H-raj oligonucleotide used. All 
other assay conditions were as described in Fig. 1 



Fig. 4. EMSA assay demonstrating non-effective competition 
of unlabeled MSV-LTR Substrate with M P end-labeled C-H-r<W 
substrate. Approximately IQO ng of MBP-rep68A was in- 
cubated with I ng of " P end-labeled c-H-ror substrate 
wherever indicated (+)* Addition or increasing amount* cold 
competing MSV-LTR substrate is indicated above the panel. 



These data (Figs. 3 and 4) are entirely consistent 
with the relative strength of the band shifting, 
reflecting MBP-reY^A's oligonucleotide affinity, 
observed in Fig. 2, with MB?~rep6iA having a 
higher affinity for c-H-ras promoter sequences 
than the MSV-LTR promoter sequences. 

3.3, Non-labeled c-H-ras oligomer substrates are 
unable to compete with AAV TR/MBP-rep68A 
complexes 

We next verified that the affinity of MBP- 
re/?68A was higher for the AAV TR than for the 
selected e-H-ror promoter sequences. In Fig. 5, we 
observed that the non-labeled c-H-ras oligomer 
could only very poorly interfere with 32 P-labeled 



AAV TR/MBP-r*/>68A complexes at levels in 
which cold c-H-w oligos were able to strongly 
compete with roj/MPB-re7?68A complexes. Thus, 
taken together, these data (Figs. 2-S) indicate that 
rep protein binds to the AAV TRs with the highest 
affinity, recognize the selected Q+H-ras sequences 
with intermediate affinity, and only very weakly 
bind the selected MSV-LTR promoter sequences. 

3,4. MBP-rep68& also binds to hairplned substrates 
with GCTC motifs 

The AAV TR is a complex palindrome whose 
overall structure is described as a cruciform. It has 
been shown that this secondary structure is involv- 
ed in rep protein recognition of the AAV TR 
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Fig. 5, EMSA assay demonstrating non-cfTcctive competition 
of unlabeled c-H-w (ras) substrate with ,2 P end-labeled AAV 
TR (TR), One hundred nanograms of MB-r*p68A and I ng of 
end-labeled TR used in the binding assay with indicated 
amounts of cold c-H-raj oligo (+). 
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Fig, 7. EMSA assay demonstrating binding of 'snap back* sec- 
ondary structure DNA of the c-H-raj substrates to MBP- 
rep68A* One nanogram of S3 p end -labeled single stranded oli- 
gonucleotide was boiled and chilled and incubated with 200 ng 
of the MBP-re/>68A in the incubation mixture. Details of the 
lanes are depicted in the upper panel. 

[20-22J. It would seem possible that the secondary 
structures of other DNAs may also affect rep bind- 
ing. We further noticed that the c-H-ras substrate, 
due to the GCTC motifs (motifs 7 and 9, Fig. IB) 
being present in opposite orientations, could form 
a hairpin loop (Fig. 6). To observe potential rep 
binding we boiled and then quick -chilled the posi- 
tive and negative c-H-raj oligonucleotide strands 
separately to promote the formation of secondary 
structure. These hairpined substrates were assayed 
for rep binding activity in EMSA assay. As shown 
in Fig. 7, both the c-H-ros-positive and -negative 

Fig. 6, Possible secondary structure within the c-H-ra^positive 
strand substrate. Base pairing between specific bases are 
denoted by dots. Upon boiling and quick chilling, the oligonu- 
cleotide is expected to snap back to this thermodynamically 
more favoured structure. 
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strand substrates bound AAV rep. Both of these 
hairpinned substrates and the MSV-LTR oligo 
contain only one duplex GCTC motif, yet only the 
hairpin containing substrates could significantly 
bind rep. These data suggest that sequences sur- 
rounding the GCTC motif play a role in substrate 
recognition. 

4, Discussion 

Although the inhibitory effects of large AAV 
rep on the transforming abilities of various on- 
cogenes has been shown, the molecular mech- 
anisms behind this phenomenon are not well 
understood- In this report, for the first time, we 
document the direct interaction of rep, as a fusion 
protein with MBP, with promoter sequences of a 
cellular gene, c-H-ror, which AAV rep is known to 
inhibit in co-transfection experiments [16,23,24]. 
These data imply a direct mechanism of action for 
rep protein inhibition of the c-H-w promoter. 
Although these data give potentially significant in- 
sight into rep's general mechanism of action, the 
details of the interaction remain unclear. The spe- 
cific details of the mechanism of action could in- 
clude: (i) direct interaction of rep with RNA 
polymerase II or its accessory proteins, (ii) steric 
hindrance of the binding of required transcription 
factors, or (Hi) the chaperoning of negative regula- 
tory proteins by rep to the c-H-ray promoter. 
These hypotheses are being further pursued in our 
laboratory. 

Our data further support the hypothesis that 
GCTC motifs are the 'core' recognition sequence 
for rep binding. It has previously been shown that 
rep binds the AAV TR and the region of preferred 
AAV integration on human chromosome 19, both 
of which both contain three concatemeric GCTC 
motifs [9,20,45], In this study we observed that 
MBP-r<?/>68A differentially binds to three DNA 
substrates with affinities which are consistent with 
the number of GCTC motifs which are contained 
within. MBP-r*p68A bound most strongly with the 
AAV TR (3 motifs) intermediately bound the se- 
lected c-H-ras sequence (2 effective, non- 
overlapping motifs), and only very weakly bound 
the selected MSV-LTR sequence (1 motif)- 'these 



results are fully consistent with our earlier obser- 
vations that the large AAV rep gene product selec- 
tively inhibits the c-H-r<w promoter but not the 
MSV-LTR promoter in focus formation and 
transient CAT assays [16). However, formal stud- 
ies designed to specifically identify the most 
favored recognition site of rep need to be under- 
taken. Earlier reports differ on the importance of 
the cruciform/hairpinned configuration of the 
AAV TR in rep recognition [9,20-22], The se- 
quences surrounding the GCTC motifs must play 
a role in substrate recognition by rep as it bound 
hairpinned ras substrates with only one duplex 
GCTC motif (Figs. 6 and 7), but bound to a much 
less extent to the single motif MSV-LTR (Fig. 2). 
Thus, it appears that the multiple GCTC boxes are 
important for rep binding; however, secondary 
structure may promote the efficiency of binding. 

In this study we observe a pattern of multiple 
shifted bands, usually three high bands, of rep with 
its natural TR substrate (Fig. 1). This is consistent 
with previous reports [20]. Our data in Fig. 2 sug- 
gest that the MBP-«y68A/TR complexes are 
similar to the MBP-re/>68A/raj substrate com- 
plexes, as the same 3-band pattern, at similar posi- 
tions, is evident. What this specifically means is 
unclear. Possibly, different stoichiometric associa- 
tions, numbers of MBP-re/>68A proteins, are bind- 
ing the substrates, resulting in these multiple 
bands. Thus, more than one kind of protein-DNA 
complex appears to result between AAV MBP- 
rep6$& and the TR or c-H-rcw oligomers. 

The finding that AAV rep protein directly binds 
to and affects at least one cellular promoter raises 
the possibility, or probability that other promoters 
are directly bound and . affected by rep. We have 
recently published that AAV rep also negatively 
regulates both c-fos and c-myc [13]. We now have 
preliminary data that shows rep binds to selected 
sequences within the c-fos and c-myc promoters 
(R.B. Batchu and P.L. Hermonat, unpublished 
data). It seems likely that the pursuit of these inter- 
actions and mechanisms will eventually lead to the 
full understanding of AAV's general anti- 
proliferation affects on cells and on other viruses. 
This laboratory will continue to pursue this goal 
by addressing both the protein/DNA and pro- 
tein/protein interactions of AAV rep. 
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LOCUS AA2CG 4675 bp ss-DNA linear VRL 27-APR-1993 

DEFINITION Adeno-associated virus 2, complete genome. 
ACCESSION J01901 M12405 M12468 M12469 
VERSION J01901.1 GI:209616 

KEYWORDS alternative splicing; complete genome; major coat protein. 
SOURCE Adeno-associated virus 2 

ORGANISM Adeno-associated virus 2 

Viruses; ssDNA viruses; Parvoviridae; Parvovirinae ; Dependovirus . 
REFERENCE 1 (bases 4532 to 4675) 

AUTHORS Samulski, R. J. , Srivastava, A. , Berns,K.I. and Muzyczka,N. 

TITLE Rescue of adeno-associated virus from recombinant plasmids: gene 

correction within the terminal repeats of AAV 
JOURNAL Cell 33 (1), 135-143 (1983) 
MEDLINE 84282662 
PUBMED 6088052 
REFERENCE 2 (bases 1 to 4675) 

AUTHORS Srivastava, A. , Lusby,E.W. and Berns,K.I. 

TITLE Nucleotide sequence and organization of the adeno-associated virus 

2 genome 

JOURNAL J. Virol. 45 (2), 555-564 (1983) 
MEDLINE 83164299 
PUBMED 6300419 

COMMENT Original source text: Adeno-associated virus 2 DNA from human HeLa 

cells. 

FEATURES Location/Qualifiers 
source 1 . .4675 

/organism="Adeno-associated virus 2" 
/mol_type="genomic DNA" 
/db_xr e f = " t axon : 1 0 8 0 4 " 
1. .145 

/note="5 f inverted terminal repeat" 
42. .83 

/note="flip oriented DNA" 

287. .4447 

/note="major coat protein A mRNA (alt.)" 
CDS join (321. .190 6,2228. .2252) 

/note="major coat protein A 1 (alt.)" 
/codon_start=l 
/protein_id=" AAA42372 .1 " 
/db_xref="GI: 209617" 

/translat ion="MPGFYEIVIKVPSDLDGHLPGISDSFVNWVAEKEWELPPDSDMD 
LNLIEQAPLTVAEKLQRDFLTEWRRVSKAPEALFFVQFEKGESYFHMHVLVETTGVKS 
MVLGRFLSQIREKLIQRI YRGIEPTLPNWFAVTKTRNGAGGGNKVVDECYIPNYLLPK 
TQPELQWAWTNMEQYLSACLNLTERKRLVAQHLTHVSQTQEQNKENQNPNSDAPVIRS 
KTSARYMELVGWLVDKGITSEKQWIQEDQASYISFNAASNSRSQIKAALDNAGKIMSL 
TKTAPDYLVGQQPVEDISSNRIYKILELNGYDPQYAASVFLGWATKKFGKRNTIWLFG 
PATTGKTNIAEAIAHTVPFYGCVNWTNENFPFNDCVDKMVIWWEEGKMTAKVVESAKA 
ILGGSKVRVDQKCKSSAQIDPTPVIVTSNTNMCAVIDGNSTTFEHQQPLQDRMFKFEL 
TRRLDHDFGKVTKQEVKDFFRWAKDHVVEVEHEFYVKKGGAKKRPAPSDADISEPKRV 



repeatreqion 
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RESVAQPSTSDAEASINYADRLARGHSL" 
321. .2186 

/note="major coat protein A" 
/codon_start=l 
/protein_id= , ' AAA42374 .1 " 
/db_xref="GI: 209619" 

/translation="MPGFYEIVIKVPSDLDGHLPGISDSFVNWVAEKEWELPPDSDMD 

LNLIEQAPLTVAEKLQRDFLTEWRRVSKAPEALFFVQFEKGESYFHMHVLVETTGVKS 

MVLGRFLSQIREKLIQRIYRGIEPTLPNWFAVTKTRNGAGGGNKVVDECYIPNYLLPK 

TQPELQWAWTNMEQYLSACLNLTERKRLVAQHLTHVSQTQEQNKENQNPNSDAPVIRS 

KTSARYMELVGWLVDKGITSEKQWIQEDQASYISFNAASNSRSQIKAALDNAGKIMSL 

TKTAPDYLVGQQPVEDISSNRIYKILELNGYDPQYAASVFLGWATKKFGKRNTIWLFG 

PATTGKTNIAEAIAHTVPFYGCVNWTNENFPFNDCVDKMVIWWEEGKMTAKVVESAKA 

ILGGSKVRVDQKCKSSAQIDPTPVIVTSNTNMCAVIDGNSTTFEHQQPLQDRMFKFEL 

TRRLDHDFGKVTKQEVKDFFRWAKDHVVEVEHEFYVKKGGAKKRPAPSDADISEPKRV 

RESVAQPSTSDAEASINYADRYQNKCSRHVGMNLMLFPCRQCERMNQNSNICFTHGQK 

DCLECFPVSESQPVSVVKKAYQKLCYIHHIMGKVPDACTACDLVNVDLDDCIFEQ" 

873. . 4447 

/note="major coat protein A mRNA (alt.)" 

join (993. .1906,2228. .2252) 

/note="major coat protein Aa (alt.)" 

/codon_start=l 

/protein id=" AAA42373 . 1 " 

/db_xref="GI: 209618" 

/translation="MELVGWLVDKGITSEKQWIQEDQASYISFNAASNSRSQIKAALD 

NAGKIMSLTKTAPDYLVGQQPVEDISSNRIYKILELNGYDPQYAASVFLGWATKKFGK 

RNTIWLFGPATTGKTNIAEAIAHTVPFYGCVNWTNENFPFNDCVDKMVIWWEEGKMTA 

KVVESAKAILGGSKVRVDQKCKSSAQIDPTPVIVTSNTNMCAVIDGNSTTFEHQQPLQ 

DRMFKFELTRRLDHDFGKVTKQEVKDFFRWAKDHWEVEHEFYVKKGGAKKRPAPSDA 

DISEPKRVRESVAQPSTSDAEASINYADRLARGHSL" 

993. .2186 

/note="major coat protein A 1 ' (alt.)" 
/codon_start=l 
/protein_id=" AAA42375 . 1 " 
/db_xref="GI : 209620" 

/translation="MELVGWLVDKGITSEKQWIQEDQASYISFNAASNSRSQIKAALD 

NAGKIMSLTKTAPDYLVGQQPVEDISSNRIYKILELNGYDPQYAASVFLGWATKKFGK 

RNTIWLFGPATTGKTNIAEAIAHTVPFYGCVNWTNENFPFNDCVDKMVIWWEEGKMTA 

KVVESAKAILGGSKVRVDQKCKSSAQIDPTPVIVTSNTNMCAVIDGNSTTFEHQQPLQ 

DRMFKFELTRRLDHDFGKVTKQEVKDFFRWAKDHVVEVEHEFYVKKGGAKKRPAPSDA 

DISEPKRVRESVAQPSTSDAEASINYADRYQNKCSRHVGMNLMLFPCRQCERMNQNSN 

ICFTHGQKDCLECFPVSESQPVSVVKKAYQKLCYIHHIMGKVPDACTACDLVNVDLDD 

CIFEQ" 

1853. .4447 

/note="major coat protein B mRNA (alt.)" 
1907. .2227 

/note="major coat protein A intron" 
2810. .4324 

/note="major coat protein B" 
/codon_start=l 
/protein_id=" AAA42376. 1 " 
/db_xref="GI: 209621" 

/trans lation="MATGSGAPMADNNEGADGVGNSSGNWHCDSTWMGDRVITTSTRT 
WALPTYNNHLYKQISSQSGASNDNHYFGYSTPWGYFDFNRFHCHFSPRDWQRLINNNW 
GFRPKRLNFKLFNIQVKEVTQNDGTTTIANNLTSTVQVFTDSEYQLPYVLGSAHQGCL 
PPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNFTFSYTFEDVPF 
HSSYAHSQSLDRLMNPLIDQYLYYLSRTNTPSGTTTQSRLQFSQAGASDIRDQSRNWL 
PGPCYRQQRVSKTSADNNNSEYSWTGATKYHLNGRDSLVNPAMASHKDDEEKFFPQSG 
VLIFGKQGSEKTNVNIEKVMITDEEEIGTTNPVATEQYGSVSTNLQRGNRQAATADVN 
TQGVLPGMWQDRDVYLQGPIWAKIPHTDGHFHPSPLMGGFGLKHPPPQILIKNTPVP 
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121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
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901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
2461 
2521 
2581 
2641 
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2761 
2821 
2881 
2941 
3001 
3061 
3121 
3181 



5 f end o 
ttggccactc 
cgacgcccgg 
gccaactcca 
ggttagggag 
gtggtcacgc 
ggtttgaacg 
accttgacgg 
aatgggagtt 
ccgtggccga 
cggaggccct 
tcgtggaaac 
aaaaactgat 
tcacaaagac 
ccaattactt 
agtatttaag 
cgcacgtgtc 
cggtgatcag 
aggggattac 
atgcggcctc 
tgagcctgac 
ccagcaatcg 
ccgtctttct 
ggcctgcaac 
acgggtgcgt 
tgatctggtg 
tcggaggaag 
ctcccgtgat 
ccttcgaaca 
tggatcatga 
aggatcacgt 
gacccgcccc 
agccatcgac 
gttctcgtca 
atcagaattc 
tgtcagaatc 
atcatatcat 
tggatgactg 
cttccagatt 
cctggcccac 
cttcctgggt 
gaggcagacg 
agacaacccg 
agatacgtct 
tgaacctctg 
agagcactct 
tgcaagaaaa 
gcctctcgga 
cagtggcgca 
aaattggcat 
ctgggccctg 
ctcgaacgac 
attccactgc 
ccgacccaag 
tgacggtacg 



ANPSTTFSAAKFASFITQYSTGHGQRGDRVGAAEGKQQTLESRNSVHFQLQQVC" 
4531. .4675 

/note="3' inverted terminal repeat" 
4592. .4634 

/note="flop oriented DNA" 
f genomic DNA. 

cctctctgcg cgctcgctcg ctcactgagg ccgggcgacc aaaggtcgcc 

gctttgcccg ggcggcctca gtgagcgagc gagcgcgcag agagggagtg 

tcactagggg ttcctggagg ggtggagtcg tgacgtgaat tacgtcatag 

gtcctgtatt agaggtcacg tgagtgtttt gcgacatttt gcgacaccat 

tgggtattta agcccgagtg agcacgcagg gtctccattt tgaagcggga 

cgcagccgcc atgccggggt tttacgagat tgtgattaag gtccccagcg 

gcatctgccc ggcatttctg acagctttgt gaactgggtg gccgagaagg 

gccgccagat tctgacatgg atctgaatct gattgagcag gcacccctga 

gaagctgcag cgcgactttc tgacggaatg gcgccgtgtg agtaaggccc 

tttctttgtg caatttgaga agggagagag ctacttccac atgcacgtgc 

caccggggtg aaatccatgg ttttgggacg tttcctgagt cagattcgcg 

tcagagaatt taccgcggga tcgagccgac tttgccaaac tggttcgcgg 

cagaaatggc gccggaggcg ggaacaaggt ggtggatgag tgctacatcc 

gctccccaaa acccagcctg agctccagtg ggcgtggact aatatggaac 

cgcctgtttg aatctcacgg agcgtaaacg gttggtggcg cagcatctga 

gcagacgcag gagcagaaca aagagaatca gaatcccaat tctgatgcgc 

atcaaaaact tcagccaggt acatggagct ggtcgggtgg ctcgtggaca 

ctcggagaag cagtggatcc aggaggacca ggcctcatac atctccttca 

caactcgcgg tcccaaatca aggctgcctt ggacaatgcg ggaaagatta 

taaaaccgcc cccgactacc tggtgggcca gcagcccgtg gaggacattt 

gatttataaa attttggaac taaacgggta cgatccccaa tatgcggctt 

gggatgggcc acgaaaaagt tcggcaagag gaacaccatc tggctgtttg 

taccgggaag accaacatcg cggaggccat agcccacact gtgcccttct 

aaactggacc aatgagaact ttcccttcaa cgactgtgtc gacaagatgg 

ggaggagggg aagatgaccg ccaaggtcgt ggagtcggcc aaagccattc 

caaggtgcgc gtggaccaga aatgcaagtc ctcggcccag atagacccga 

cgtcacctcc aacaccaaca tgtgcgccgt gattgacggg aactcaacga 

ccagcagccg ttgcaagacc ggatgttcaa atttgaactc acccgccgtc 

ctttgggaag gtcaccaagc aggaagtcaa agactttttc cggtgggcaa 

ggttgaggtg gagcatgaat tctacgtcaa aaagggtgga gccaagaaaa 

cagtgacgca gatataagtg agcccaaacg ggtgcgcgag tcagttgcgc 

gtcagacgcg gaagcttcga tcaactacgc agacaggtac caaaacaaat 

cgtgggcatg aatctgatgc tgtttccctg cagacaatgc gagagaatga 

aaatatctgc ttcactcacg gacagaaaga ctgtttagag tgctttcccg 

tcaacccgtt tctgtcgtca aaaaggcgta tcagaaactg tgctacattc 

gggaaaggtg ccagacgctt gcactgcctg cgatctggtc aatgtggatt 

catctttgaa caataaatga tttaaatcag gtatggctgc cgatggttat 

ggctcgagga cactctctct gaaggaataa gacagtggtg gaagctcaaa 

caccaccaaa gcccgcagag cggcataagg acgacagcag gggtcttgtg 

acaagtacct cggacccttc aacggactcg acaagggaga gccggtcaac 

ccgcggccct cgagcacgta caaagcctac gaccggcagc tcgacagcgg 

tacctcaagt acaaccacgc cgacgcggag tttcaggagc gccttaaaga 

tttgggggca acctcggacg agcagtcttc caggcgaaaa agagggttct 

ggcctggttg aggaacctgt taagacggct ccgggaaaaa agaggccggt 

cctgtggagc cagactcctc ctcgggaacc ggaaaggcgg gccagcagcc 

agattgaatt ttggtcagac tggagacgca gactcagtac ctgaccccca 

cagccaccag cagccccctc tggtctggga actaatacga tggctacagg 

ccaatggcag acaataacga gggcgccgac ggagtgggta attcctccgg 

tgcgattcca catggatggg cgacagagtc atcaccacca gcacccgaac 

cccacctaca acaaccacct ctacaaacaa atttccagcc aatcaggagc 

aatcactact ttggctacag caccccttgg gggtattttg acttcaacag 

cacttttcac cacgtgactg gcaaagactc atcaacaaca actggggatt 

agactcaact tcaagctctt taacattcaa gtcaaagagg tcacgcagaa 

acgacgattg ccaataacct taccagcacg gttcaggtgt ttactgactc 
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3421 
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3541 
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3721 
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3901 
3961 
4021 
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4141 
4201 
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4441 
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ggagtaccag 
agcagacgtc 
agtaggacgc 
aaacaacttt 
cagccagagt 
cagaacaaac 
agcgagtgac 
gcgagtatca 
caagtaccac 
cgatgaagaa 
gaaaacaaat 
caatcccgtg 
acaagcagct 
cagagatgtg 
tcacccctct 
caagaacacc 
cttcatcaca 
aggaaaacag 
ttaatcgtgg 
ccagatacct 
cagttgaact 
agtagcatgg 
cctctctgcg 
gctttgcccg 



ctcccgtacg 
ttcatggtgc 
tcttcatttt 
accttcagct 
ctggaccgtc 
actccaagtg 
attcgggacc 
aagacatctg 
ctcaatggca 
aagttttttc 
gtgaacattg 
gctacggagc 
accgcagatg 
taccttcagg 
cccctcatgg 
ccggtacctg 
cagtactcca 
caaacgctgg 
acttaccgtg 
gactcgtaat 
ttggtctctg 
cgggttaatc 
cgctcgctcg 
ggcggcctca 



tcctcggctc 
cacagtatgg 
actgcctgga 
acacttttga 
tcatgaatcc 
gaaccaccac 
agtctaggaa 
cggataacaa 
gagactctct 
ctcagagcgg 
aaaaggtcat 
agtatggttc 
tcaacacaca 
ggcccatctg 
gtggattcgg 
cgaatccttc 
cgggacacgg 
aatcccgaaa 
gatactaatg 
ctgtaattgc 
cgtatttctt 
attaactaca 
ctcactgagg 
gtgagcgagc 



ggcgcatcaa 
atacctcacc 
gtactttcct 
ggacgttcct 
tctcatcgac 
gcagtcaagg 
ctggcttcct 
caacagtgaa 
ggtgaatccg 
ggttctcatc 
gattacagac 
tgtatctacc 
aggcgttctt 
ggcaaagatt 
acttaaacac 
gaccaccttc 
tcagcgtgga 
ttcagtacac 
gcgtgtattc 
ttgttaatca 
tcttatctag 
aggaacccct 
ccgggcgacc 
gagcgcgcag 



ggatgcctcc 
ctgaacaacg 
tctcagatgc 
ttccacagca 
cagtacctgt 
cttcagtttt 
ggaccctgtt 
tactcgtgga 
gccatggcaa 
tttgggaagc 
gaagaggaaa 
aacctccaga 
ccaggcatgg 
ccacacacgg 
cctcctccac 
agtgcggcaa 
gatcgagtgg 
ttccaactac 
agagcctcgc 
ataaaccgtt 
tttccatggc 
agtgatggag 
aaaggtcgcc 
agagggagtg 



cgccgttccc 
ggagtcaggc 
tgcgtaccgg 
gctacgctca 
attacttgag 
ctcaggccgg 
accgccagca 
ctggagctac 
gccacaagga 
aaggctcaga 
tcggaacaac 
gaggcaacag 
tctggcagga 
acggacattt 
agattctcat 
agtttgcttc 
gagctgcaga 
aacaagtctg 
cccattggca 
taattcgttt 
tacgtagata 
ttggccactc 
cgacgcccgg 
gccaa 
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TAT Alignments 

HIV-l TAT Nucleotide and Protein Alignments 

• consensus nucleotide (4 kb) (text format) 

An alignment of DNA sequences, with one consensus sequence for each 
subtype of HIV-l. Only shows differences from first sequence 

• consensus protein (2 kb) (text format) 

An alignment of protein sequences, with one consensus sequence for 
each subtype of HIV-l. Only shows differences from first sequence 

• tat nucleotide (23 kb) (Intelligences format) 

An alignment of DNA sequences with a consensus for each subtype of 
WV-1, plus several representative sequences for each subtype 

• tat nucleotide (3 1 kb) (text format) 

An alignment of DNA sequences with a consensus for each subtype of 
HIV-l, plus several representative sequences for each subtype. Only 
shows differences of representative sequences from consensus sequence 

• tat protein (9 kb) (Intelligenetics format) 

An alignment of protein sequences with a consensus for each subtype of 
HTV-1, plus several representative sequences for each subtype. 

• tat protein (2 kb) (text format) 

An alignment of protein sequences with a consensus for each subtype of 
HIV-l, plus several representative sequences for each subtype. Only 
shows differences of representative sequences from consensus sequence 

• HIV-l TAT sequences table (3 kb) 

A table providing the reference and GenBank accession number of each 
sequence used in the TAT alignments 

HIV-2 TAT Nucleotide and Protein 
Alignments 

• HIV-2 tat nucleotide (13 kb) (Intelligenetics format) 

An alignment of DNA sequences with a consensus for each subtype of 
HIV-2, plus several representative sequences for each subtype. 

• HIV-2 tat nucleotide (17 kb) (text format) 

An alignment of DNA sequences with a consensus for each subtype of 
HIV-2, plus several representative sequences for each subtype. Only 
shows differences of representative sequences from consensus sequence 

• HIV-2 tat protein (5 kb) (Intelligenetics format) 

An alignment of protein sequences with a consensus for each subtype of 
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HIV-2, plus several representative sequences for each subtvoe 

• HIV-2 tat protein (6 kb) (text format) 

An alignment of protein sequences with a consensus for each subtype of 
tUV-2 plus several representative sequences for each subtype Only 

SSfJ ^ renGeS ° f re P fesentativ e sequences from consensus sequence 

• HTV-2 TAT sequences table (3 kb) 

A table providing the reference and GenBank accession number of each 
sequence used in the HIV-2 TAT alignments 

SIV TAT Nucleotide and Protein Alignments 

• SrVagm tat nucleotide (5 kb) (Intelligenetics format) 

An alignment ofDNA sequences with a consensus for each species of 
olVagm, plus several representative sequences for each species 

• SrVagm tat nucleotide (6 kb) (text format) 

An alignment of DNA sequences with a consensus for each species of 
SIVagm, plus several representative sequences for each species Only 
shows differences of representative sequences from consensus sequence 

• SIVagm tat protein (2 kb) (Intelligenetics format) 

An alignment of protein sequences with a consensus for each species of 
SIVagm, plus several representative sequences for each species 

• SIVagm tat protein (2 kb) (text format) 

An alignment of protein sequences with a consensus for each species of 
SIVagm, plus several representative sequences for each species. Only 
shows differences of representative sequences from consensus sequence 

• SIVagm TAT sequences table (I kb) 

A table providing the reference and GenBank accession number of each 
sequence used in the SIVagm TAT alignments 

HMMER Global TAT Nucleotide and 
Protein Alignments 



* HMMER tat nucleotide (12 kb) (text format) 

An alignment of DNA sequences generated using the HMMER program 
that includes a representative sequence of the subtypes of HTV-1, HIV- 
2 and SIV 

• HMMER tat protein (7 kb) (text format) 

An alignment of protein sequences generated using the HMMER 
program that includes a representative sequence of the subtypes of 
HTV-1, HTV-2 and SIV 



• HMMER tat nucleotide in MASE format (12 kb) 

An alignment of DNA sequences generated using the HMMER program that 
includes a representative sequence of the subtypes of HIV- 1, HIV-2 and SIV 

• HMMER tat protein in MASE format (7 kb) 

An alignment of protein sequences generated using the HMMER program that 
includes a representative sequence of the subtypes of HIV- 1, HTV-2 and SIV 
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□ 1: 092993 BLink, Domains, Links 

Histone acety transferase HTATIP (60 kDa Tat interactive protein) (Tip60) (HIV-1 Tat 
interactive protein) (cPLA(2) interacting protein) 
gi|30923328|sp|Q92993|TI60_HUMAN[4170731] 

□ 2: 013049 BLink, Domains, Links 

Zinc-finger protein HT2A (72 kDa Tat-interacting protein) (Tripartite motif-containing 
protein 32) 

gi|20 1 78303 |sp|Q 1 3049|HT2A_HUMAN[4 1 67729] 

□ 3: 015633 BLink, Domains, Links 

TAR RNA-binding protein 2 (Trans-activation responsive RNA-binding protein) 
gi|3334380|sp|Q15633|TRBP_HUMAN[4160145] 



□ 4: P04613 

TAT protein (Transactivating regulatory protein) 
gi|135347|sp|P04613|TAT_HVlMA[4150635] 

□ 5: P04610 

TAT protein (Transactivating regulatory protein) 
gi|135336|sp|P04610|TAT_HVlBR[4150634] 

□ 6: P12506 

TAT protein (Transactivating regulatory protein) 
gi|135334|sp|P12506|TAT_HVlZ2[41 50633] 

□ 7: P04606 

TAT protein (Transactivating regulatory protein) 
gi|135329|sp|P04606|TAT_HVlBl[4150632] 

□ 8: NPJ758891 

tat protein [Simian immunodeficiency virus 2] 
gi|273 1 1 1 72|reflNP_758891 . 1 1 [4000395] 

□ 9: NP_406123 

sec-independent protein translocase protein [Yersinia pestis] 
gi| 1 6 1 228 1 0|reflNP_406 1 23 . 1 1 [394 1 1 35] . 
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□ 10: NP_056842 

tat protein [Human immunodeficiency virus 2] 
gi|9628886|reflNP_056842.1|[3738757] 

□ ll: NP_042686 

alternative tat protein [Jembrana disease virus] 
gi|9628099|reflNP_042686.1|[3738081] 

□ 12: NPJ)42687 

tat protein [Jembrana disease virus] 
gi|9628096|reflNP_042687.1 1 [3738078] 

□ 13: NP_041252 

tat protein [Ovine lentivirus] 
gi|9627005 |ref]NP_04 1 252. 1 1 [3737339] 

□ 14: NP 040842 

tat protein [Visna virus] 
gi|9626551|reflNP_040842.1 1 [3736993] 
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□ 15: AAP76567 

truncated tat protein [Human immunodeficiency virus 1] 
gi|3226 1 507|gb| AAP76567. 1 1 [3599 1 1 9] 

□ 16: AAP76560 

tat protein [Human immunodeficiency virus 1] 
gi|32261499|gb|AAP76560.1|[3599112] 

□ 17: AAP76551 

tat protein [Human immunodeficiency virus 1] 
gi|3226 1 489|gb| AAP7655 1 . 1 1 [3599 1 03] 

□ 18: AAP76542 

tat protein [Human immunodeficiency virus 1] 
gi|32261 479|gb| AAP76542. 1 1 [3599094] 

□ 19: AAP76533 

tat protein [Human immunodeficiency virus 1] 
gi|3226 1 469|gb| AAP76533 . 1 1 [3599085] 

□ 20: AAP76527 

tat protein [Human immunodeficiency virus 1] 
gi|3226 1 462|gb| AAP76527. 1 [[3599079] 
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